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(54) Abstract Title 

Wellbore casing with radially expanded liner extruded off of a mandrel 

(57) A tubular liner 210 and mandrel 205 are positioned within a section of well bore 100 with the tubular liner 
overlapping an existing casing 1 10 if present. A hardenable fluidic material is injected into the section of well 
bore 310 below the level of the mandrel 205 and into the annular region 315 between the tubular liner and the 
section of the wellbore. The inner and outer regions of the tubular liner are then fluidically isolated by 
introducing a plug 405. A non-hardenable fluidic material 306 is then injected into a portion of the interior of 
the tubular liner 310, below the mandrel, to pressurize it. The tubular liner is subsequently extruded off of the 
mandrel. A plurality of tubular members are coupled end to end using expandable threaded connections 4300 
having a seal 4325. 
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EXPANDABLE CONNECTOxv 
Background of the Invention 
This invention relates generally to wellbore casings, and in particular to 
vsrellbore casings that are formed using expandable tubing. 

ConventionaDy, when a wellbore is created, a number of casings are 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation or inflow of fluid from the 
formation into the borehole* The borehole is drilled in intervals whereby a 
casing which is to be installed in a lower borehole interval is lowered through a 
previously installed casing of an upper borehole interval. As a consequence of 
10 this procedure the casing of the lower interval is of smaller diameter than the 
casing of the upper interval. Thus, the casings are in a nested arrangement with 
casing diameters decreasing in downward direction. Cement annuli are 
provided between the outer siurfaces of the casings and the borehole wall to seal 
the casings from the borehole wall. As a consequence of this nested 
15 arrangement a relatively large borehole diameter is required at the upper part 
of the wellbore. Such a large borehole diameter involves increased costs due to 
heavy casing handling equipment, large drill bits and increased volumes of 
drilling fluid and drill cuttings. Moreover, increased drilling rig time is involved 
due to required cement pumping, cement hardening, required equipment 
20 changes due to large variations in hole diameters drilled in the course of the 
well, and the large volume of cuttings drilled and removed. 

Conventionally, at the surface end of the wellbore, a wellhead is formed 
that typically includes a smrface casing, a number of production and/or driUing 
spools, valving, and a Christmas tree. Typically the wellhead further includes a 
25 concentric arrangement of casings including a production casing and one or 
more intermediate casings. The casings are typically supported using load 
bearing slips positioned above the groimd. The conventional design and 
construction of wellheads is expensive £md complex. 

Conventionally, a wellbore casing cannot be formed dtuing the drilHng of 
30 a wellbore. Typically, the wellbore is drilled and then a wellbore casing is 
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formed in the newly drilled section of the wellbore. This delays the completion 
of a well. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming wellbores and wellheads. 
5 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes installing a tubular liner and a 
mandrel in the borehole, injecting fluidic material into the borehole, and 
radially expanding the liner in the borehole by extruding the liner off of the 
10 mandrel. 

According to another aspect of the present invention, a method of 
forming a wellbore casing is provided that includes drilling out a new section of 
the borehole adjacent to the already existing casing. A tubular Uner and a 
mandrel are then placed into the new section of the borehole with the tubular 

15 liner overlapping an already existing casing. A hardenable fluidic sealing 
material is injected into an annular region between the tubular liner and the 
new section of the borehole. The aimular region between the tubular liner and 
the new section of the borehole is then fluidicly isolated from an interior region 
of the tubular liner below the mandrel. A non hardenable fluidic material is 

20 then injected into the interior region of the tubidar liner below the mandrel. 
The tubular liner is extruded off of the mandrel. The overlap between the 
tubular liner and the already existing casing is sealed. The tubular liner is 
supported by overlap with the already existing casing- The mandrel is removed 
from the borehole. The integrity of the seal of the overlap between the tubular 

25 liner and the already existing casing is tested. At least a portion of the second 
quantity of the hardenable fluidic sealing material is removed from the interior 
of the tubidar liner. The remaining portions of the fluidic hardenable fluidic 
sealing material are cured. At least a portion of ciured fluidic hardenable sealing 
material within the tubular liner is removed. 

30 According to another aspect of the present invention, an apparatus for 

expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first 
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fluid passage. The mandrel is coupled to the support member and includes a 
second fluid passage. The tubtilar meniber is coupled to the mandrel. The shoe 
is coupled to the tubiilar liner and includes a third fluid passage. The first, 
second and third fluid passages are operably coupled. 
5 According to another aspect of the present invention, an apparatus for 

expanding a tubular member is provided that includes a support member, an 
expandable mandrel, a tubular member, a shoe, and at least one sealing 
member. The support member includes a first fluid passage, a second fluid 
passage, and a flow control valve coupled to the first and second fluid passages. 

10 The expandable mandrel is coupled to the support member and includes a third 
fluid passage. The tubular member is coupled to the mandrel and includes one 
or more sealing elements. The shoe is coupled to the tubular member and 
includes a fourth fluid passage. The at least one sealing member is adapted to 
prevent the entry of foreign material into an interior region of the tubular 

15 member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubidar 
member, is provided that includes positioning a mandrel within an interior 
20 region of the second tubular member. A portion of an interior region of the 
second tubular memb^ is pressurized and the second tubular member is 
extruded off of the mandrel into engagement \sdth the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
25 at an end portion of the annular member, and one or more pressure relief 
passages at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular liner and an annular body of a cwred fluidic 
sealing material. The tubular liner is formed by the process of extruding the 
30 tubular liner off of a mandrel. 

According to another aspect of the present invention, a tie-back liner for 
lining an existing wellbore casiug is provided that includes a tubular liner and 
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an annular body of cured fluidic sealing material. The tubular liner is formed 
by the process of extruding the tubular liner off of a mandrel. The annular 
body of a cured fltudic sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
5 expanding a tubxilar member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a first 
fluid passage. The mandrel is coupled to the support member. The mandrel 
includes a second fluid passage operably coupled to the first fiidd passage, an 
interior portion, and an exterior portion. The interior portion of the mandrel is 

10 drillable. The tubular member is coupled to the mandrel. The shoe is coupled 
to the tubular member. The shoe includes a third fbnd passage operably 
coupled to the second Omd passage, an interior portion, and an exterior portion. 
The interior portion of the shoe is drillable. 

According to another aspect of the present invention, a wellhead is 

15 provided that includes an outer casing and a plurality of concentric inner 
casings coupled to the outer casing. Each timer casing is supported by contact 
pressure between an outer stirface of the inner casing and an inner surface of 
the outer casing. 

According to another aspect of the present invention, a wellhead is 
20 provided that include an outer casing at least partially positioned within a 

wellbore and a plurality of substantially concentric inner casings coupled to the 
interior surface of the outer casing. One or more of the inner casings are 
coupled to the outer casing by expanding one or more of the inner casings into 
contact with at least a portion of the interior surface of the outer casing. 
25 According to another aspect of the present invention, a method of 

forming a wellhead is provided that includes drilling a wellbore. An outer 
casing is positioned at least partially within an upper portion of the weUbore. A 
first tubular member is positioned within the outer casing. At least a portion of 
the first tubular member is expanded into contact with an interior surface of 
30 the outer casing. A second tubular member is positioned within the outer 
casing and the first tubular member. At least a portion of the second tubxilar 
member is expanded into contact with an interior portion of the outer casing. 

-4- 



25791.23.02 



According to another aspect of the present invention^ an apparatus is 
provided that includes an outer tubular memb^ , and a plurality of 
substantially concentric and overlapping inner tubular members coupled to the 
outer tubular member. Each inner tubular member is supported by contact 
5 pressiure between an outer surface of the inner casing and an inner siurface of 
the outer inner tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that includes an outer tubular member, and a ptoality of 
substantially concentric inner tubidar memb^ coupled to the interior surface 
10 of the outer tubular member by the process of expanding one or more of the 
inner tubular members into contact with at least a portion of the interior 
surface of the outer tubular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a first tubular member, and a second tubular member 
15 coupled to the first tubular member in an over^pping relationship. The inner 
diameter of the first tubular member is substantially equal to the inner 
diameter of the second tubular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular member including at least one thin wall section 
20 and a thick wall section, and a compressible annular member coupled to each 
thin wall section. 

According to another aspect of the present invention, a method of 
creating a casing in a borehole located in a subterranean formation is provided 
that includes supporting a tubular liner and a mandrel in the borehole using a 
25 support member. A fiuidic material is injected into the borehole. An interior 
region of the mandrel is pressiuized. A portion of the mandrel is displaced 
relative to the support member. The tubular Uner is expanded. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a first tubular member having a first inside diameter, 
30 and a second tubular member having a second inside diameter substantially 
equal to the first inside diameter coupled to the first tubular member in an 
overlapping relationship. The first and second tubular members are coupled by 
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the process of deforming a portion of the second tubular member into contact 
vnth a portion of the first tubular member 

According to another aspect of the present invention, an apparatus for 
expanding a tubtilar member is provided that includes a support member 
5 including a fluid passage, a mandrel movably coupled to the support member 
including an expansion cone, at least one pressure chamber defined by and 
positioned between the support member and mandrel fluididy coupled to the 
first fluid passage, and one or more releasable supports coupled to the support 
member adapted to support the tubular member. 

10 According to another aspect of the present invention, an £^paratus is 

provided that includes one or more solid tubular members, each solid tubular 
member including one or more external seals, one or more slotted tubular 
members coupled to the solid tubular members, and a shoe coupled to one of the 
slotted tubular members. 

15 According to another aspect of the present invention, a method of joining 

a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member is provided that includes positioning a mandrel within an interior 
region of the second tubular member. A portion of the interior region of the 

20 mandrel is pressurized. The mandrel is displaced relative to the second tubular 
member. At least a portion of the second tubular member is extruded off of the 
mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that includes one or more primary solid tubulars, each prinaary solid 

25 tubxilar including one or more external aimular seals, n slotted tubiilars coupled 
to the primary solid tubulars, n-1 intermediate solid tubulars coupled to and 
interleaved among the slotted tubulars, each intermediate solid tubular 
including one or more external annular seals, and a shoe coupled to one of the 
slotted tubulars. 

30 According to another aspect of the present invention, a method of 

isolating a first subterranean zone firom a second subterranean zone in a 
wellbore is provided that includes positioning one or more primary solid 
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tubulars within the wellbore, the primary solid tubulars traversing the first 
subterranean zone. One or more slotted tubulars are also positioned within the 
wellbore, the slotted tubulars traversing the second subterranean zone. The 
slotted tubxilars and the solid tubulars are fluididy coupled. The passage of 
5 fluids from the first subterranean zone to the second subterranean zone within 
the wellbore external to the solid and slotted tubulars is prevented. 

According to anotixer aspect of the present invention, a method of 
extracting materials from a producing subterranean zone in a wellbore, at least 
a portion of the wellbore including a casing, is provided that includes 

10 positioning one or more primary solid tubulars within the wellbore. The 
primary solid tubulars with the casing are fluidicly coupled. One or more 
slotted tubulars are positioned within the weUbore, the slotted tubulars 
traversing the producing subterranean zone. The slotted tubtilars are fluidicly 
coupled with the solid tubulars. The produdng subterranean zone is fluidicly 

15 isolated from at least one other subterranean zone within the wellbore. At least 
one of the slotted tubulars is fluidicly isolated from the producing subterranean 
zone. 

According to another aspect of the present invention, a method of 
creating a casing in a borehole while also drilling the borehole is also provided 

20 that includes installing a tubular liner, a mandrel, and a drilling assembly in 
the borehole. A fluidic material is injected within the tubular liner, mandrel 
and drilling assembly. At least a portion of the tubular liner is radially 
expanded while the borehole is drilled using the drilling assembly. In a 
preferred embodiment, the injecting includes injecting the fluidic material 

25 within an expandable chamber. 

According to another aspect of the present invention, an apparatus is 
also provided that includes a support member, the support member including a 
fibrst fluid passage; a mandrel coupled to the support member, the mandrel 
including: a second fluid passage; a tubular member coupled to the mandrel; 

30 and a shoe coupled to the tubular liner, the shoe including a third fluid passage; 
and a drilling assembly coupled to the shoe; wherein the first, second and third 
fluid passages and the drilling assen:ibly are operably coupled. 
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According to another aspect of the present invention, a method of 
forming an mxdergrotmd pipeline within an imdergroimd tunnel including at 
least a first tubular member and a second tubular member, the first tubtdar 
member having an inner diameter greater than an outer diameter of the second 
5 tubular member, is also provided that includes positioning the first tubular 
member within the tunnel; positioning the second tubtdar mentiber within the 
tunnel in an overlapping relationship with tixe first tubtdar member; 
positioning a mandrel and a drilling assembly within an interior region of the 
second tubular member; injecting a fliudic material within the mandrel, drilling 

10 assembly and the second tubtdar member; extruding at least a portion of the 
second tubtdar member off of the mandrel into engagement with the first 
tubtdar member; and drilling the ttmnel. 

According to another aspect of the present invention, an apparatus is 
also provided that includes a wellbore, the wellbore formed by the process of 

15 drilling the wellbore; and a tubtdar liner positioned within the wellbore, the 
tubtdar liner formed by the process of extruding the tubtdar liner off of a 
mandrel while drilling the wellbore. In a preferred embodiment, the tubtdar 
liner is formed by the process of: placing the tubtdar liner and mandrel within 
the wellbore; and pressurizing an interior portion of the tubtdar liner. 

20 According to another aspect of the present invention, a method of 

forming a weUbore casing in a wellbore is also provided that includes drilling 
out the wellbore while forming the wellbore casing. 

According to another aspect of the present invention, a method of 
expanding a ttd)ular member is provided that includes placing a mandrel within 

25 the tubtdar member, presstuizing an anntdar region within the tubtdar 
member, and displacing the mandrel with respect to the tubtdar member. 

According to another aspect of the present invention, a method of 
coupling a tubtdar member to preexisting structtire is provided that includes 
positioning the tubtdar member in an overlapping relationship to the 

30 preexisting structure, placing a mandrel within the tubtdar member, 

pressurizing an anntdar region within the tubtdar member, and displacing the 
mandrel with respect to the tubtdar member. 
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According to another aspect of the present invention, a method of 
repairing a defect in a preexisting structure using a tubular member is provided 
that includes positioning the tubular member in an overlapping relationship to 
the defect in the preexisting structure, placing a mandrel within the tubular 
5 member, pressurizing an annular region within the tubular member, and 
displacing the mandrel with respect to the tubidar member. 

According to another aspect of the present invention, an apparatus for 
radially expanding a tubular member is provided that includes a first tubxilar 
member, a second tubular member positioned within the first tubular member, 

10 a third tubtdar member movably coupled to and positioned witbin the second 
tubular member, a first annidar sealing member for sealing an interface 
between the first and second tubular members, a second annular sealing 
member for sealing an interface between the second and third tubular 
members, and a mandrel positioned within the first tubidar member and 

15 coupled to an end of the third tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that includes a tubular member, a piston adapted to expand the 
diameter of the tubular member positioned within the tubular member, and an 
annular chamber defined by the piston and tubular member. The piston 

20 includes a passage for conveying fliuds out of the tubidar member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a first tubular member and a second tubular member 
coupled to the first tubular member. The second tubular member is coupled to 
the first tubular member by the process of: positioning the second tubular 

25 membCT in an overlapping relationship to the first tubular member, placing a 
mandrel within the second tubular member, pressurizing an annular region 
within the second tubular member, and displacing the mandrel with respect to 
the second tubular member. 

According to another aspect of the present invention, an apparatus i|S 

30 provided that includes a preexisting structure and a tubular member coupled to 
the preexisting structure. The tubular member is coupled to the preexisting 
structure by the process of: positioning the tubular member in an overlapping 
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relationship to the preexisting structure, placing a mandrel witiiin the tubular 
member, pressurizing an annular region within the tubular menober, and 
displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, an apparatus is 
5 provided that includes a preexisting structure having a defective portion and a 
tubular member coupled to the defective portion of Ihe preexisting structure. 
The tubular member is coupled to the defective portion of the preexisting 
structure by the process of: positioning the tubular mennJber in an overlapping 
relationship to the defect in the preexisting structiure, placing a mandrel within 

10 the tubular menaber, pressurizing an annular region within the tubular 
member, and displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, a method of 
sanding a tubular member is provided that includes placing a mandrel within 
the tubxilar member, pressurizing a region within the tubular member; and 

15 displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, a method of 
coupling a tubular member to preexisting structure has been provided that 
includes positioning the tubular member in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, 

20 pressurizing an interior region within the tubular member, and displacing the 
mandrel with respect to the tubular member. 

According to another aspect of the present invention, a method of 
repairing a defect in a preexisting structure using a tubular member is provided 
that includes positioning the tubular member in an overlapping relationship to 

25 the defect in the preexisting structure, placing a mandrel within the tubular 
member, pressiirizing an interior region within the tubtdar member, and 
displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, an apparatus for 
radially expanding a tubular member is provided that includes a first tubular 

30 member, a second tubular member coupled to the first tubular member, a third 
tubular member coupled to the second tubular member, and a mandrel 
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positioned within the second tubular member and coupled to an end portion of 
the third tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that includes a tubidar member, a piston adapted to expand the 
5 diameter of the tubular member positioned within the tubtdar member, the 
piston including a passage for conveying fluids out of the tubular member. 

According to another aspect of the present invention, a weUbore casing is 
provided that includes a first tubular member and a second tubular memb^ 
coupled to the first tubular member. The second tubular member is coupled to 

10 the first tubtdar member by the process of: positioning the second tubular 
member in an overlapping relationship to the first tubular member, placing a 
mandrel within the second tubular member, pressiuizing an interior region 
within the second tubular member, and displacing the mandrel with respect to 
the second tubular member. 

15 According to another aspect of the present invention, an apparatus is 

provided that includes a preexisting structure and a tubular member coupled to 
the preexisting structure. The tubular member is coupled to the preexisting 
structure by the process of: positioning the tubular member in an overlapping 
relationship to the preexisting structure; placing a mandrel within the tubular 

20 member; pressiuizing an interior region within the tubular member; and 
displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that includes a preexisting structure having a defective portion and a 
tubular member coupled to the defective portion of the preexisting structure. 

25 The tubular member is coupled to the defective portion of the preexisting 
structure by the process of: positioning the tubular member in an overlapping 
relationship to the defect in the preexisting structure, placing a mandrel within 
the tubular member, pressiuizing an interior r^on within the tubiilar 
member, and displacing the mandrel with respect to the tubidar member. 

30 According to another aspect of the invention, an apparatus is provided 

that includes a first tubular member, a second tubidar member, and a threaded 
connection for coupling the first tubular member to the second tubtilar 
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member. The threaded connection includes one or more sealing members for 
sealing the interface between the first and second tubular members. 

According to another aspect of the present invention, an ^paratxis is 
provided that includes a tubular assembly haviog a first tubular member, a 
5 second tubular member, and a threaded connection for coupling the first 
tubular member to the second tubular member. The threaded connection 
includes one or more sealing members for sealing the interface between the first 
and second tubular members. The tubular assembly is formed by the process of 
radially expanding the tubular assembly. 
10 According to another aspect of the present invention, an apparatus is 

provided that includes a tubular member and a mandrel positioned within the 
tubxilar member that includes a conical siuface have an angle of attack ranging 
&om about 10 to 30 degrees. 

Brief Description of the Drawings 
15 FIG. 1 is a fragmentary cross*sectional view illustrating the drilling of a 

new section of a well borehole. 

FIG. 2 is a firagmentary cross*sectional view illustrating the placement of 
an embodiment of an apparatus for creating a casing within the new section of 
the well borehole. 

FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 
first quantity of a fiuidic material into the new section of the well borehole. 

FIG. 3a is another fragmentary cross-sectional view illustrating the 
injection of a first quantity of a hardenable fiuidic sealing material into the new 
section of the well borehole. 

FIG. 4 is a firagmentary cross-sectional view illustrating the injection of a 
second quantity of a fiuidic material into the new section of the well borehole. 

FIG, 5 is a firagmentary cross-sectional view illustrating the drilling out 
of a portion of the ctured hardenable fiuidic sealing material firom the new 
section of the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 
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FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment 
of the apparatus for creating a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 
5 FIG. 9 is a cross-sectional iUiistration of a preferred embodiment of an 

apparatus for forming a casing including a drillable mandrel and shoe. 

FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9, 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
10 FIG. 10a is a cross-sectional illustration of a wellbore including a pair of 

adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandable tubular member. 

FIG. 10c is a cross-sectional illustration of the pmnping of a fluidic 
15 sealing material into the annular region between the tubular mecober and the 
existing casing. 

FIG. lOd is a cross-sectional illustration of the pressurizing of the 
interior of the tubular member below the mandrel. 

FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 
20 member o£f of the mandrel. 

FIG. lOf is a cross-sectional illustration of the tie-back liner before 
drilling out the shoe and packer. 

FIG. lOg is a cross-sectionai illustration of the completed tie-back liner 
created using an expandable tubular member. 
25 FIG. 11a is a fragmentary cross-sectional view illustrating the drilling of 

a new section of a well borehole. 

FIG. lib is a fr^igmentaiy cross-sectional view illustrating the placement 
of an embodiment of an apparatus for hanging a tubular liner within the new 
section of the well borehole. 
30 FIG. 11c is a fragmentary cross-sectional view illustrating the injection of 

a first quantity of a hardenable fluidic sealing material into the new section of 
the well borehole. 
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FIG, lid is a fragmentary cross-sectional view illustrating the 
introduction of a wiper dart into the new section of the well borehole. 

FIG. lie is a fragmentary cross-sectional view illustrating the injection of 
a second quantity of a hardenable fluidic sealing material into the new section 
5 of the well borehole. 

FIG. llf is a fragmentary cross-sectional view illustrating the completion 
of the tubular liner. 

FIG. 12 is a cross-sectional illustration of a preferred embodiment of a 
wellhead system utilizing expandable tubular members. 
10 FIG. 13 is a partial cross-sectional illustration of a preferred embodiment 

of the wellhead system of FIG. 12. 

FIG. 14a is an illustration of the formation of an embodiment of a mono- 
diameter wellbore casing* 

FIG. 14b is another illustration of the formation of the mono-diameter 
15 wellbore casing. 

FIG. 14c is another illustration of the formation of the mono-diameter 
weUbore casing. 

FIG. 14d is another illustration of the formation of tiie mono-diameter 
welbore casing. 

20 FIG. 14e is another illustration of the formation of the mono-diameter 

welbore casing. 

FIG. 14f is another illustration of the formation of the mono-diameter 
welbore casing. 

FIG. 15 is an illustration of an embodiment of an apparatus for 
25 expanding a tubular member. 

FIG. 15a is another illustration of the apparatus of FIG, 15. 
FIG. 15b is another illustration of the apparatus of FIG. 15. 
FIG. 16 is an illustration of an embodiment of an apparatus for forming a 
mono-diameter wellbore casing. 
30 FIG. 17 is an illustration of an embodiment of an apparatus for 

expanding a tubular member. 

FIG, 17a is another illustration of the apparatus of FIG. 16. 
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FIG. 17b is another illustration of the apparatus of FIG. 16, 

FIG. 18 is an illustration of an embodiment of an apparatus for forming a 
mono-diameter wellbore casing. 

FIG. 19 is an illustration of another embodiment of an apparatus for 
5 expanding a tubular member. 

FIG. 19a is another illustration of the apparatus of FIG. 17. 

FIG. 19b is another illustration of the apparatus of FIG. 17. 

FIG. 20 is an iOustration of an embodiment of an apparatus for forming a 
mono-diameter wellbore casing. 
10 FIG. 21 is an illustration of the isolation of subterranean zones using 

expandable tubulars. 

FIG. 22a is a fragmentary cross-sectional illustration of an embodiment 
of an apparatus for forming a wellbore casing while drilling a welbore. 

FIG. 22b is another fragmentary cross-sectional illustration of the 
15 apparatus of FIG. 22a. 

FIG. 22c is another fragmentary cross*sectional illustration of the 
apparatus of FIG. 22a. 

FIG. 22d is another fragmentary cross-sectional illxistration of the 
apparatus of FIG. 22a. 
20 FIG. 23a is a fragmentary cross-section illustration of an embodiment of 

an apparatus and method for expanding tubular members. 

FIG. 23b is another fragmentary cross-sectional illustration of the 
apparatus of FIG. 23a. 

FIG. 23c is another fragmentary cross-sectional illustration of the 
25 apparatus of FIG. 23a* 

FIG. 24a is a fragmentary cross-section illustration of an embodiment of 
an apparatus and method for expanding tubidar members. 

FIG. 24b is another fragmentary cross-sectional illustration of the 
apparatus of FIG. 24a, 
30 FIG. 24c is another fragmentary cross-sectional illustration of the 

apparatus of FIG. 24a. 
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FIG. 24d is another fragmentary cross-sectional illustration of the 
apparatus of FIG. 24a, 

FIG. 24e is another fragmentary cross-seddonal illustration of the 
apparatus of FIG. 24a. 
5 FIG. 25 is a partial cross-sectional illustration of an eispansion mandrel 

expanding a tubular member. 

FIG. 26 is a graphical illustration of the relationship between 
propagation pressure and the angle of attack of the expansion mandrel. 
FIG. 27 is a cross-sectional illustration of an embodiment of an 
10 expandable connector. 

FIG. 28 is a cross-sectional illiistration of another embodiment of an 
expandable connector. 

FIG. 29 is a cross-sectional illustration of another embodiment of an 
expandable connector. 
15 FIG, 30 is a cross-sectional illustration of another embodiment of an 

expandable connector. 

Detailed Description of the Illustrative Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
20 wellbore casing to be formed in a subterranean formation by placing a tubular 
member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressxirizing an interior portion of the 
tubular member. The apparatus and method further permits adjacent tubitlar 
members in the wellbore to be joined using an overlapping joint that prevents 
25 fluid and or gas passage. The apparatus and method further permits a new 
tubular member to be supported by an existing tubular member by expanding 
the new tubular member into engagement with the existing tubular member. 
The apparatus and method ftui;her minimizes the reduction in the hole size of 
the wellbore casing necessitated by the addition of new sections of wellbore 
30 casing. 

An apparatus and method for forming a tie-back liner using an 
expandable tubular member is also provided. The apparatus and method 
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permits a tie-back liner to be created by extruding a tubular member off of a 
mandrel by pressurizing and interior portion of the tubidar member. In this 
maimer, a tie-back liner is produced. The apparatus and method further 
permits adjacent tubular members in the wellbore to be joined using an 
5 overlapping joint that prevents fluid and/or gas passage. The apparatus and 
method further permits a new tubular member to be supported by an existing 
tubular member by expanding the new tubular member into engagement with 
the existing tubular member. 

An apparatus and method for expanding a tubular member is also 

10 provided that includes an expandable tubular member, mandrel and a shoe. In 
a preferred embodiment, the interior portions of the s^paratus is composed of 
materials that permit the interior portions to be removed using a conventional 
drilling apparatus. In this manner, in the event of a malfunction in a downhole 
region, the apparatus may be easily removed. 

15 An apparatus and method for hanging an expandable tubular liner in a 

wellbore is also provided. The apparatus and method permit a tubiilar liner to 
be attached to an existing section of casing. The apparatus and method further 
have apphcation to the joining of tubidar members in general. 

An apparatus and method for forming a wellhead system is also provided. 

20 The apparatus and method permit a wellhead to be formed including a number 
of expandable tubular members positioned in a concentric arrangement. The 
wellhead preferably includes an out^ casing that supports a plurality of 
concentric casings using contact pressure between the inner casings and the 
outer casing. The resulting wellhead system ehmiaates many of the spools 

25 conventionally reqtiired, reduces the hei^t of the Christmas tree facilitating 
servicing, lowers the load bearing areas of the wellhead resulting in a more 
stable system, and eliminates costly and expensive hanger systems. 

An apparatus and meHiod for forming a mono-diameter weU casing is 
also provided. The apparatus and method permit the creation of a weU casing 

30 in a wellbore having a substantially constant internal diameter. In this 
manner, the operation of an oil or gas well is greatly simplified. 
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An apparatus and method for expanding tubular members is also 
provided. The apparatus and method utilize a piston-cylinder configuration in 
which a pressurized chamber is used to drive a mandrel to radially expand 
tubular members. In this manner^ higher operating pressiures can be utilized. 
5 Throughout the radial expansion process, the tubular member is never placed 
in direct contact with the operating pressiures. In this manner, damage to the 
tubiilar member is prevented while also permitting controlled radial expansion 
of the tubular member in a wellbore. 

An apparatus and method for forming a mono-diameter wellbore casing 

10 is also provided. The apparatus and method utilize a piston-cylinder 

configuration in which a pressurized chamber is used to drive a mandrel to 
radially expand tubular members. In this manner, higher operating pressiures 
can be utilized. Throu^put the radial expansion process, the tubular member 
is never placed in direct contact with the operating pressures. In this manner, 

15 damage to the tubular member is prevented while also permitting controlled 
radial expansion of the tubular mentiber in a wellbore. 

An apparatus and method for isolating one or more subterranean zones 
firom one or more other subterranean zones is also provided. The apparatus 
and method permits a producing zone to be isolated firom a nonprodudng zone 

20 usiug a combination ofsoKd and slotted tubulars. In the production mode, the 
teachings of the present disclosure may be used in combination with 
conventional, well known, production completion equipment and methods using 
a series of packers, soUd tubing, perforated tubing, and sliding sleeves, which 
will be inserted into the disclosed apparatus to permit the commingling and/or 

25 isolation of the subterranean zones firom each other. 

An apparatus and method for fonning a wellbore casing while the 
wellbore is drilled is also provided. In this manner, a wellbore casing can be 
formed simultaneous with the drilling out of a new section of the wellbore. In a 
preferred embodiment, the apparatus and method is used in combination with 

30 one or more of the apparatus and methods disclosed in the present disclosure 
for forming wellbore casings using expandable tubulars. Alternatively, the 
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method and apparatus can be used to create a pipeline or tunnel in a time 
efSdent manner. 

An expandable connector is also provided. In a preferred 
implementation, the expandable connector is used in conjtmction with one or 
5 more of the disclosed embodiments for expanding tubular members. In this 
manner, the expansion of a pltirality of tubtdar members coupled to one 
another iising the expandable connector is optimized. 

In several alternative embodiments, the apparatus and methods are used 
to form or repair wellbore casings, pipelines, and/or structiu-al supports. 
10 Referring initially to Figs. 1-5, an embodiment of an apparatus and 

method for forming a wellbore casing within a subterranean formation will now 
be described. As illustrated in Fig. 1, a wellbore 100 is positioned in a 
subterranean formation 105. The wellbore 100 includes an existing cased 
section 110 having a tubtdar casing 115 and an annular outer layer of cement 
15 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 

20 a subterranean formation is then positioned in the new section 130 of the 

wellbore 100. The apparatus 200 preferably includes an expandable mandrel or 
pig 205, a tubular member 210, a shoe 215, a lower cup seal 220, an upper cup 
seal 225, a fluid passage 230, a fluid passage 235, a fluid passage 240, seals 245, 
and a support member 250. 

25 The expandable mandrel 205 is coupled to and supported by the support 

member 250. The expandable mandrel 205 is preferably adapted to controUably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional conunerdally available expandable mandrels modified 
in accordance with the teachings of the present disclosure. In a preferred 

30 embodiment, the expandable mandrel 205 comprises a hydraulic expansion tool 
as disclosed in U.S. Patent No. 5,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of 
the present disclosure. 

The tubular member 210 is supported by the expandable mandrel 205. 
The tubular member 210 is expanded in the radial direction and extruded off of 
5 the expandable mandrel 205. The tubular member 210 may be fabricated &om 
any number of conventional commercially available materials such as^ for 
example, Oilfield Country Tubular Goods (OCTG), 13 chromium steel 
tubing/casing, or plastic tubing/casing. In a preferred embodiment, the tubular 
member 210 is fabricated from OCTG in order to maximize strength after 

10 expansion. The inner and outer diameters of the tubular member 210 may 
range, for example, firom approximately 0.75 to 47 inches and 1.05 to 48 inches, 
respectively. In a preferred embodiment, the inner and outer diameters of the 
tubular member 210 range fi-om about 3 to 15.5 inches and 3.5 to 16 inches, 
respectively in order to optimally provide minimal telescoping effect in the most 

15 coramonly drilled wellbore sizes. The tubular member 210 preferably comprises 
a solid member. 

In a preferred embodiment, the end portion 260 of the tubular member 
210 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 205 when it completes the extrusion of tubular member 210. In a 

20 preferred embodiment, the length of the tubular member 210 is limited to 

minimize the possibility of buckling. For typical tubular member 210 materials, 
the length of the tubular member 210 is preferably limited to between about 40 
to 20,000 feet in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 

25 member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 

comprise any number of conventional commerdaUy available shoes such as, for 
example. Super Seal II float shoe, Super Seal II Down^et float shoe or a guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 

30 comprises an aluminimi down-jet guide shoe with a sealing sleeve for a latch- 
down plug available from Hallibiui»n Energy Services in Dallas, TX, modified 
in accordance with the teachings of the present disclosiu*e, in order to optimally 
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guide the tubular member 210 in the wellbore, optimally provide an adequate 
seal between the interior and exterior diameters of the overlapping joint 
between the tubular members, and to optimally allow the complete drill out of 
the sboe and plug after the completion of the cementing and expansion 
5 operations. 

In a preferred embodiment, the shoe 215 includes one or more through 
and side outlet ports in fluidic communication with the fluid passage 240. In 
this manner, the shoe 215 optimally injects hardenable fluidic sealing material 
into the region outside the shoe 215 and tubular member 210. In a preferred 

10 embodiment, the shoe 215 includes the fluid passage 240 having an inlet 

geometry that can receive a dart and/or a ball sealing member. In this manner, 
the fluid passage 240 can be optimally sealed off by iatrodudng a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The lower cup seal 220 is coupled to and supported by the support 

15 member 250. The lower cup seal 220 prevents foreign materials from entering 
the interior region of the tubular member 210 adjacent to the expandable 
mandrel 205, The lower cup seal 220 may comprise any number of 
conventional commercially available cup seals such as, for example, TP cups, or 
Selective Injection Packer (SIP) cups modified in accordance with the teachings 

20 of the present disclosure. In a preferred embodiment, the lower cup seal 220 
comprises a SIP cup seal, available from Halliburton Energy Services in Dallas, 
TX in order to optimally block foreign material and contain a body of lubricant* 

The upper cup seal 225 is coupled to and supported by the support 
member 250. The upper cup seal 225 prevents foreign materials from entering 

25 the interior region of the tubular member 210, The uppier cup seal 225 may 
comprise any number of conventional commercially available cup seals such as, 
for example, TP cap3 or SIP cups modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the upper cup seal 225 
comprises a SIP cup, available Srom Halliburton Energy Services in Dallas, TX 

30 in order to optimally block the entry of foreign materials and contain a body of 
lubricant. 
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The fluid passage 230 permits fliiidic materials to be transported to and 
from the interior region of the tubidar member 210 below the expandable 
mandrel 205. The fluid passage 230 is coupled to and positioned within the 
support member 250 and the expandable mandrel 205. The fluid passage 230 
5 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 205. The fluid passage 230 is preferably positioned along a 
centerline of the apparatus 200. 

The fluid passage 230 is preferably selected, in the casing running mode 
of operation, to transport materials such as drilling mud or formation fluids at 
10 flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 psi in order to minimize drag on the tubular member being nm and to 
minimize surge pressmres exerted on the wellbore which coiild cause a loss of 
wellbore fluids and lead to hole collapse. 

The fluid passage 235 permits fluidic materials to be released from the 
15 fluid passage 230. In this manner, during placement of the apparatus 200 
within the new section 130 of the wellbore 100, fluidic materials 255 forced up 
the fluid passage 230 can be released into the wellbore 100 above the tubular 
member 210 thereby minimizing surge pressures on the wellbore section 130. 
The fluid passage 235 is coupled to and positioned within the support member 
20 250. The flmd passage is further fiuididy coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controUably 
opening and closing the fluid passage 235. In a preferred embodiment, the 
control valve is pressmre activated in order to controUably minimize surge 
pressures. The fluid passage 235 is preferably positioned substantially 
25 orthogonal to the centerline of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the weUbore 100 and to minimize siurge pressures on the 
30 new wellbore section 130. 

The fluid passage 240 pennits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
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passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 
5 240 to thereby block further passage of fluidic materials. In this manner, the 
interior region of the tubular member 210 below the expandable n:iandrel 205 
can be fluididy isolated from the region exterior to the tubular member 210, 
This permits the interior region of the tubular member 210 below the 
expandable mandrel 205 to be pressurized. The fluid passage 240 is preferably 

10 positioned substantially along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressiures ranging from about 
0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimaUy fill the 
annular region between the tubular member 210 and the new section 130 of the 

15 weUbore 100 with fluidic materials. In a preferred embodiment, the fluid 
passage 240 includes an inlet geometry that can receive a dart and/or a ball 
sealing member. In this manner, the fltiid passage 240 can be sealed off by 
introducing a plug, dart and/or ball sealing elements into the fluid passage 230. 
The seals 245 are coupled to and supported by an end portion 260 of the 

20 tubular member 210. The seals 245 are further positioned on an outer surface 
265 of the end portion 260 of the tubular member 210. The seals 245 permit 
the overlapping joint between the end portion 270 of the casing 115 and the 
portion 260 of the tubular member 210 to be fluidicly sealed. The seals 245 
may comprise any ntmiber of conventional conmaerdaily available seals such as, 

25 for example, lead, rubber, Teflon, or epoxy seals modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, the seals 
245 are molded from Stratalock epoxy available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide a load bearing interference 
fit between the end 260 of the tubular member 210 and the end 270 of the 

30 existing casing 115. 

In a preferred embodiment, the seals 245 are selected to optimally 
provide a sufficient fiictional force to support the expanded tubular member 
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210 from the existing casing 115. In a preferred embodiment, the frictional 
force optimally provided by the seals 245 ranges from about 1,000 to 1,000,000 
Ibf in order to optimal^ supi)ort the expanded tubular member 210. 

The support member 250 is coupled to the expandable mandrel 205, 
5 tubular member 210, shoe 215, and seals 220 and 225. The support member 
250 preferably comprises an anntilar member having sufficient strength to 
carry the apparatus 200 into the new section 130 of the wellbore 100. In a 
preferred embodiment, the support member 250 further includes one or more 
conventional centralizers (not illustrated) to help stabilize the apparatus 200, 

10 In a preferred embodiment, the support member 250 comprises coiled tubiag. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 vdthin the interior of the 
tubular member 210, In this manner, the extrusion of the tubular member 210 
off of the expandable mandrel 205 is facilitated. The lubricant 275 may 

15 comprise any number of conventional commercially available lubricants such 
as, for example, Lubriplate, chlorine based lubricants, oil based lubricants or 
Climax 1500 Antisieze (3100). In a preferred embodiment, the lubricant 275 
comprises Climax 1500 Antisieze (3100) available from Climax Lubricants and 
Equipment Co. in Houston, TX in order to optimally provide optimum 

20 lubrication to fadliate the expansion process. 

In a preferred embodiment, the support member 250 is thoroughly 
cleaned prior to assembly to the remaining portions of the apparatus 200. In 
this manner, the introduction of foreign material into the apparatus 200 is 
minimized. This minimizes the possibihty of foreign material dogging the 

25 various flow passages and valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
within the new section 130 of the wellbore 100, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 

30 apparatus 200 and to ensiu-e that no foreign material interferes with the 
expansion process. 
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As illustrated in Fig. 3, the fluid passage 235 is then closed and a 
hardenable fludic sealing nmterial 305 is then pumped from a surface location 
into the fluid passage 230. The material 305 then passes from the fluid passage 
230 into the interior region 310 of the tubular member 210 below the 
5 expandable mandrel 205. The material 305 then passes from the interior region 
310 into the fluid passage 240. The material 305 then exits the apparatus 200 
and fills the annular region 315 between the exterior of the tubular member 
210 and the interior wall of the new section 130 of the wellbore 100. Continued 
pmnping of the material 305 causes the material 305 to fill up at least a portion 

10 of the annular region 315. 

The material 305 is preferably pumped into the annidar region 315 at 
pressTu-es and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallons/min, respectively. The optimum flow rate and operating 
pressiures vary as a function of the casing and wellbore sizes, wellbore section 

15 length, available piunping equipment, and fluid properties of the fluidic 
material being pimiped. The optimiun flow rate and operating pressure are 
preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such 

20 as, for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 
210 while also maintaining optimimi flow characteristics so as to minimize 

25 difficulties dining the displacement of cement in the annular region 315. The 
optimmn blend of the blended cement is preferably determined using 
conventional empirical methods. 

The annidar region 315 preferably is filled with the material 305 in 
sufSdent quantities to ensiire that, upon radial expansion of the tubular 

30 member 210, the annular region 315 of the new section 130 of the wellbore 100 
will be filled with material 305. 
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In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 is reduced in 
the region adjacent to the mandrel 205 in order optimally permit placement of 
the apparatus 200 in positions in the wellbore with tight clearances. 
5 Furthermore, in this manner, the initiation of the radial expansion of the 
tubular member 210 dtiring the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately 
filled with material 305, a plug 405, or other similar device, is introduced into 
the fluid passage 240 thereby fluidicly isolating the interior region 310 from the 

10 annular region 315, In a preferred embodiment, a non-hardenable fluidic 
material 306 is then pimiped into the intmor region 310 causing the interior 
region to pressurize. In this manner, the interior of the expanded tubular 
member 210 will not contain significant amotmts of cured material 305. This 
reduces and simplifies the cost of the entire process. Alternatively, the material 

15 305 may be used during this phase of the process. Once the interior region 
310 becomes sufficiently pressurized, the tubular member 210 is extruded off of 
the expandable mandrel 205. During the extrusion process, the expandable 
mandrel 205 may be raised out of the expanded portion of the tubular member 
210. In a preferred embodiment, during the extrusion process, the mandrel 205 

20 is raised at approximately the same rate as the tubular member 210 is expanded 
in order to keep the tubtdar member 210 stationary relative to the new wellbore 
section 130. In an alternative preferred embodiment, the extrusion process is 
cortxmenced with the tubular member 210 positioned above the bottom of the 
new wellbore section 130, keeping the mandrel 205 stationary, and allowing the 

25 tubular member 210 to extrude off of the mandrel 205 and fall down the new 
wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by 
introducing the plug 405 into the fluid passage 230 at a surface location in a 
conventional manner. The plug 405 preferably acts to fluidicly isolate the 

30 hardenable flxiidic sealing material 305 from the non hardenable fluidic 
material 306. 
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The plug 405 may comprise any numbCT of conventional commercially 
available devices &om plugging a fluid passage such as, for example, Multiple 
Stage Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper 
latch-down plug modified in accordance with the teachings of the present 
5 disclosure. In a preferred embodiment, the plug 405 comprises a MSG latch- 
down plug available fi-om Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non 
hardenable fluidic nmterial 306 is preferably piunped into the interior region 
310 at pressures and flow rates ranging, for example, from approximately 400 to 

10 10,000 psi and 30 to 4,000 gallons/min. In this manner, the amount of 
hardenable fluidic sealing material within the interior 310 of the tubular 
member 210 is minimized. In a preferred embodiment, after placement of the 
plug 405 in the fluid j>asBage 240, the non hardenable material 306 is preferably 
pumped into the interior region 310 at pressures and flow rates ranging from 

15 approximately 500 to 9,000 psi and 40 to 3,000 gallons/min in order to 
maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, burst, and friction effects upon the tubular member 210 during the 
expaiision process. These effects will depend upon the geometry of the 

20 expansion mandrel 205, the material composition of the tubular member 210 
and expansion mandrel 205, the inner diameter of the tubular member 210, the 
wall thickness of the tubular member 210, the type of lubricant, and the yield 
strength of the tubular member 210. In general, the thicker the wall thickness, 
the smaller the injier diameter, and the greater the yield strength of the tubular 

25 member 210, then the greater the operating pressures required to extrude the 
tubular member 210 off of the mandrel 205. 

For typical tubiilar members 210, the extrusion of the tubular member 
210 off of the expandable mandrel will begin when the pressure of the interior 
r^on 310 reaches, for example, approximately 500 to 9,000 psi. 

30 Diiring the extrusion process, the expandable mandrel 205 may be raised 

out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about 0 to 5 ft/sec. In a preferred embodiment, dturing the 
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extrusion process, the expandable mandrel 205 is raised out of. the expanded 
portion of the tubular member 210 at rates ranging from about 0 to 2 fi;/sec in 
order to minimize the time required for the expansion process while also 
permitting easy control of the expansion process. 
5 When the end portion 260 of the tubular member 210 is extruded off of 

the expandable mandrel 205, the outer sturface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casing 115 to form an fltiid tight overlapping joint. The 
contact pressiure of the overlapping joint may range, for example, from 

10 approximately 50 to 20,000 psi. In a preferred embodiment, the contact 

pressure of the overlapping joint ranges from approximately 400 to 10,000 psi in 
order to provide optimtun pressure to activate the anntdar sealing mexnbers 245 
and optimally provide resistance to axial motion to accommodate typical tensile 
and compressive loads. 

15 The overlapping joiat between the section 410 of the existing casing 115 

and the section 265 of the expanded tubular member 210 preferably provides a 
gaseous and fluidic seal. In a particularly preferred embodiment, the sealing 
members 245 optimally provide a fluidic and gaseous seal in the overlapping 
jorut. 

20 In a preferred embodiment, the operating pressure and flow rate of the 

non hardenable fluidic material 306 is controllably ramped down when the 
expandable mandrel 205 reaches the end portion 260 of the tubular member 
210. In this manner, the sudden release of pressure caused by the complete 
extrusion of the tubular member 210 off of the expandable mandrel 205 can be 

25 minimized. In a preferred embodiment, the operating pressin-e is reduced in a 
substantially linear fashion from 100% to about 10% during the end of the 
extrusion process beginning when the mandrel 205 is within about 5 feet from 
completion of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the 

30 support meniber 250 in order to absorb the shock caused by the sudden release 
of pressiure. The shock absorber may comprise, for example, any conventional 
cormnercially available shock absorber adapted for use in wellbore operations. 
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Alternatively, or in combination, a mandrel catching structure is 
provided in the end portion 260 of the tubular member 210 in order to catch or 
at least decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable n[iandrel 205 is 
5 removed from the wellbore 100. In a preferred embodiment, either before or 
after the removal of the expandable mandrel 205, the integrity of the fluidic seal 
of the overlapping joint between the upper portion 260 of the tubular member 
210 and the lower portion 270 of the casing 115 is tested using conventional 
methods. 

10 If the fluidic seal of the overlapping joint between the upper portion 260 

of the tubular member 210 and the lower portion 270 of the casing 115 is 
satisfactory, then any uncured portion of the material 305 within the expanded 
tubular member 210 is tiben removed in a conventional manner such as, for 
example, circulating the uncured material out of the interior of the expanded 

15 tubular member 210, The mandrel 205 is then pulled out of the wellbore 
section 130 and a drill bit or mill is used in combination with a conventional 
drilling assembly 505 to drill out any hardened material 305 within the tubular 
member 210. The material 305 within the annular region 315 is then allowed 
to cure. 

20 As illustrated in Pig. 5, preferably any remaining cured material 305 

within the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
anntdar layer 515 of cured material 305. The bottom portion of the apparatus 

25 200 comprising the shoe 215 and dart 405 may then be removed by drilling out 
the shoe 215 and dart 405 using conventional drilling methods. 

In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tubidar member 210 includes one or more sealing members 605 and one 
or more pressure relief holes 610. In this manner, the overlapping joint 

30 between the lower portion 270 of the casing 115 and the upper portion 260 of 
the tubtdar member 210 is pressure-tight and the pressiu'e on the interior and 
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exterior siirfaces of the tubular member 210 is equalized during the extrusion 
process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
5 tubular member 210. In an alternative preferred embodiment, the sealing 
members 605 are bonded or molded onto the outer siu*face 265 of the upper 
portion 260 of the tubular member 210. The pressure relief holes 610 are 
preferably positioned in the last few feet of the tubular member 210. The 
pressure relief holes reduce the operating pressures required to expand the 

10 upper portion 260 of the tubular member 210. This reduction in required 
operating pressure in turn reduces the velocity of the mandrel 205 upon the 
completion of the extrusion process. This reduction in velocity in turn 
minimizes the mechanical shock to the entire apparatus 200 upon the 
completion of the extrusion process. 

15 Referring now to Fig. 7, a particularly preferred embodiment of an 

apparatus 700 for forming a casing within a weUbore preferably includes an 
expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, a float shoe 720, a lower cup seal 725, an upper cup seal 
730, a fluid passage 735, a fltiid passage 740, a support member 745, a body of 

20 lubricant 750, an overshot connection 755, another support member 760, and a 
stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 
member 745. The expandable mandrel 705 is finisher coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 

25 controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any niunber of conventional commerdally available expandable 
mandrels modified in accordance with the teachings of the present disclosure. 
In a preferred embodiment, the expandable mandrel 705 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. Pat. No. 5,348,095, the 

30 contents of which are incorporated herein by reference, modified in accordance 
with the teachings of the present disclosure. 
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The expandable mandrel container 710 is coupled to and supported by 
Uie support member 746. The expandable mandrel container 710 is further 
coupled to the expandable mandrel 705. The expandable mandrel container 710 
may be constructed from any number of conventional commercially available 
5 materials such as, for example, Oilfield Country Tubular Goods, stainless steel, 
titaniimi or high strength steels. In a preferred embodiment, the expandable 
mandrel container 710 is fabricated from material having a greater strength 
than the material from which the tubular member 715 is fabricated. In this 
manner, the container 710 can be fabricated &om a tubular material having a 

10 thinner wall thickness than the tubular member 210. This permits the 

container 710 to pass throu^ tight clearances thereby facilitating its placement 
within the wellbore. 

In a preferred embodiment, once the expansion process begins, and the 
thicker, lower strength material of the tubular member 715 is expanded, the 

15 outside diameter of the tubiilar member 715 is greater than the outside 
diameter of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 
direction and extruded ofT of the expandable mandrel 705 substantially as 

20 described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any ntunber of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubvdar member 715 is fabricated firom OCTG. 

In a preferred embodiment^ the tubular member 715 has a substantially 

25 annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular aimular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 
tubular member 715 preferably is defined by the region beginning in the 

30 viciniiy of the mandrel container 710 and ending with the top section 820 of the 
tubular member 715. The intermediate section 810 of the tubular member 715 
is preferably defined by the region beginning in the vicinity of the top of the 
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mandrel container 710 and ending with the region in the vicinity of the mandrel 
705. The lower section of the tubular member 716 is preferably defined by the 
region beginning in the vicinity of the mandrel 705 and ending at the bottom 
825 of the tubular member 715, 
5 In a preferred embodiment, the wall thickness of the upper section 805 of 

the tubular member 715 is greater than the wall thicknesses of the 
intermediate and lower sections 810 and 815 of the tubular member 715 in 
order to optimally fadliate the initiation of the extrusion process and optimally 
permit the apparatus 700 to be positioned in locations in the wellbore having 

10 tight clearances. 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 715 may range, for example, from about 1.05 to 48 inches and 
1/8 to 2 inches, respectively. In a preferred embodiment, the outer diameter 
and wall thickness of the upper section 805 of the tubular member 715 range 

15 fi-om about 3.5 to 16 inches and 3/8 to 1.5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of 
the tubular member 715 may range, for example, from about 2.5 to 50 inches 
and 1/16 to 1.5 inches, respectively. In a preferred embodiment, the outer 
diameter and wall thickness of the intermediate section 810 of the tubular 

20 member 715 range fi*om about 3.5 to 19 inches and 1/8 to 1.25 inches, 
respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for example, from about 2.5 to 50 inches and 
1/16 to 1.25 inches, respectively. In a preferred embodiment, the outer 

25 diameter and wall thickness of the lower section 810 of the tubular member 715 
range from about 3.5 to 19 inches and 1/8 to 1.26 inches, respectively. In a 
particularly preferred embodiment, the wall thickness of the lower section 815 
of the tubiilar member 715 is further increased to increase the strength of the 
shoe 720 when drillable materials such as, for example, aliuninmn are used. 

30 The tubular member 715 preferably comprises a solid tubular member. 

In a preferred embodiment, the end portion 820 of the tubular member 715 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 
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705 when it completes the extrusion of tubular member 715. In a preferred 
embodiment, the length of the tubular member 715 is limited to minimize the 
possibility of buckling. For typical tubular member 715 materials, the length of 
the tubular member 715 is preferably limited to between about 40 to 20,000 
5 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet passage 830, and one or 
more jet ports 835. In a particularly preferred embodiment, the cross-sectional 

10 shape of the inlet passage 830 is adapted to receive a latch-down dart, or other 
similar elements, for blocking the inlet passage 830. The interior of the shoe 
720 preferably includes a body of solid material 840 for increasing the strength 
of the shoe 720. In a particularly preferred embodiment, the body of solid 
material 840 comprises alimiinum. 

15 The shoe 720 may comprise any nimiber of conventional conunerdally 

available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an altuninum down-jet guide shoe with a sealing sleeve for a latch- 

20 down plug available from Hallibiui»n Energy Services in Dallas, TX, modified 
in accordance with the teachings of the present disclosure, in order to optutnize 
guiding the tubular member 715 in the wellbore, optimize the seal between the 
tubular member 715 and an existing wellbore casing, and to optimally fadliate 
the removal of the shoe 720 by drilling it out after completion of the extrusion 

25 process. 

The lower cup seal 725 is coupled to and supported by the support 
member 745. The lower cup seal 725 prevents foreign materials from entering 
the interior region of the tubular member 715 above the expandable mandrel 
705. The lower cup seal 725 may comprise any number of conventional 
30 commercially available cup seals such as, for example, TP cups or Selective 
Injection Packer (SIP) cups modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the lower cup seal 725 
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comprises a SIP cup, available from Halliburton Energy Services in Dallas, TX 
in order to optimally provide a debris barrier and hold a body of lubricant 
The upper cup seal 730 is coupled to and supported by the support 
member 760. The upper cup seal 730 prevents foreign materials from entering 
5 the interior region of the tubular member 715. The upper cup seal 730 may 
comprise any munber of conventional commercially available cup seals such as, 
for example, TP cups or Selective Injection Packer (SIP) cup modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the upper cup seal 730 comprises a SIP cup available from 

10 Hallibiurton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and contain a bo^y of lubricant. 

The fluid passage 735 permits flmdic materials to be transported to and 
from the interior region of the tubular member 715 below the ^andable 
mandrel 705. The fluid passage 735 is fluidicly coupled to the fltiid passage 740. 

15 The fluid passage 735 is preferably coupled to and positioned within the support 
member 760, the support member 745, the mandrel container 710, and the 
expandable mandrel 705. The flmd passage 735 preferably extends from a 
position adjacent to the surface to the bottom of the expandable mandrel 705. 
The fluid passage 735 is preferably positioned along a centerline of the 

20 apparatus 700. The fluid passage 735 is preferably selected to transport 
materials such as cement, drilling mud or epoxies at flow rates and pressures 
ranging from about 40 to 3,000 gallons/minute and 500 to 9,000 psi in order to 
optimally provide suflicient operating pressures to extrude the tubular member 
715 off of the expandable mandrel 706. 

25 As described above with reference to Figs. 1-6, during placement of the 

apparatus 700 within a new section of a weUbore, fluidic materials forced up the 
fluid passage 735 can be released into the wellbore above the tubular member 
715. In a preferred exinbodiment, the apparatus 700 further includes a pressure 
release passage that is coupled to and positioned within the support member 

30 260. The pressure release passage is fiirther fluidicly coupled to the flmd 
passage 735. The pressure release passage preferably includes a control valve 
for controUably opening and closing the fluid passage. In a preferred 
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embodiment, the control valve is pressure activated in order to controllably 
minimize surge pressures. The pressure release passiage is preferably 
positioned substantially orthogonal to the centerline of the apparatus 700. The 
pressure release passage is preferably selected to convey materials such as 

5 cement, drilling mud or epoxies at flow rates and pressures ranging from about 
0 to 500 gallons/mmute and 0 to 1,000 psi in order to reduce the drag on the 
apparatus 700 during insertion into a new section of a wellbore and to minimize 
sturge pressmres on the new wellbore section. 

The fluid passage 740 permits fluidic mat^als to be transported to and 

10 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fltiidic 
communication with the interior region of the tubular member 715 below the 
expandable mandrel 705. The fluid passage 740 preferabfy has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in the inlet 830 

15 of the fluid passage 740 to thereby block further passage of fluidic materials. In 
this manner, the interior region of the tubvdar member 715 below the 
expandable mandrel 705 can be optimally fluididy isolated from the region 
exterior to the tubular mendber 715. This permits the interior region of the 
tubidar member 715 below the expandable mandrel 205 to be pressurized. 

20 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gaUonsAninute and 0 to 9,000 psi in 
order to optimally fill an annular region between the tubidar member 715 and a 

25 new section of a wellbore with fluidic materials. In a preferred embodiment, 
the fluid passage 740 includes an inlet passage 830 having a geometry that can 
receive a dart and/or a baU sealing member. In this manner, the fluid passage 
240 can be sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 

30 In a preferred embodiment, the apparatus 700 further includes one or 

more seals 846 coupled to and supported by the end portion 820 of the tubular 
member 715. The seals 845 are further positioned on an outer surface of the 
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end portion 820 of the tubular member 715. The seals 845 permit the 
overleaping joint between an end portion of preexisting casing and the end 
portion 820 of the tubular member 715 to be fluidicly sealed. The seals 845 
may comprise any number of conventional commercially available seals such as, 
5 for example, lead, rubber, Teflon, or epoxy seals modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, the seals 
846 comprise seals molded from StrataLock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydraulic seal and 
a load bearing interference fit in the overlapping joint between the tubular 

10 member 715 and an existing casing with optimal load bearing capacity to 
support the tubular member 715. 

In a preferred embodiment, the seals 845 are selected to provide a 
sufficient frictional force to support the expanded tubular member 715 from the 
existing casing. In a preferred embodiment, the frictional force provided by the 

15 seals 845 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
support the expanded tubular member 715. 

The support member 745 is preferably coupled to the expandable 
mandrel 705 and the overshot connection 755. The support member 745 
preferably comprises an annular member having sufficient strength to carry the 

20 apparatus 700 into a new section of a wellbore. The support member 745 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drill pipe, coiled tubing or other high strength 
tubular modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the support member 745 comprises conventional drill 

25 pipe available from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above the expandable mandrel container 710 within the interior 
of the tubular member 715. In this manner, the extrusion of the tubular 
member 715 off of the expandable mandrel 705 is facilitated. The lubricant 705 

30 may comprise any nimiber of conventional commercially available lubricants 
such as, for example, Lubriplate, chlorine based lubricants, oil based lubricants, 
or Climax 1500 Antisieze (3100). In a preferred embodiment, the lubricant 750 
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comprises Climax 1500 Antisieze (3100) available from Halliburton Energy 
Services in Houston, TX in order to optimally provide lubrication to fadliate the 
extrusion process. 

The overshot connection 755 is coupled to the support member 745 and 
5 the support member 760. The overshot connection 755 preferably permits the 
support member 745 to be removably coupled to the support member 760. The 
overshot connection 755 may comprise any niunber of conventional 
commerdaUy available overshot connections such as, for example, Iimerstring 
Seahng Adapter, Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool 

10 Stinger. In a preferred embodiment, the overshot connection 755 comprises a 
Innerstring Adapter with an Upper Guide available &om Halliburton Energy 
Services in Dallas, TX 

The support member 760 is preferably coupled to the overshot 
connection 755 and a surface support structure (not illustrated). The support 

15 member 760 preferably comprises an annular member having sufBdent 
strength to carry the apparatus 700 into a new section of a wellbore. The 
support member 760 may comprise any number of conventional commercially 
available support members such as, for example, steel drill pipe, coiled tubing or 
other hi^ strength tubulars modified in accordance with the teachings of the 

20 iiresent disclosure. In a preferred embodiment, the support member 760 
comprises a conventional drill pipe available from steel mills in the United 
States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 

25 within the tubular member 715. The stabilizer 765 preferably comprises a 
spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 nmy comprise any 
number of conventional commercially available stabilizers such as, for example, 

30 EZ Drill Star Guides, packer shoes or drag blocks modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, the 
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stabilizer 765 comprises a sealing adapter upper guide available from 
Halliburton Energy Services in Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the 
5 apparatus 700. In this manner, the introduction of foreign material into the 
apparatus 700 is minimized. This minimizes the possibility of foreign material 
clogging the various flow passages and valves of the apparatus 700. 

In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of wellbore volmnes are circulated 
10 through the various flow passages of the apparatus 700 in order to ensure that 
no foreign materials are located within the wellbore that might clog up the 
various flow passages and valves of the apparatus 700 and to ensure that no 
foreign material interferes with the expansion mandrel 705 during the 
expansion process. 

15 In a preferred embodiment, the apparatus 700 is operated substantially 

as described above with reference to Figs. 1-7 to form a new section of casing 
within a wellbore. 

As illustrated in Fig. 8, in an alternative preferred embodiment, the 
method and apparatus described herein is used to repair an existing wellbore 

20 casing 805 by forming a tubular liner 810 inside of the existing wellbore casing 
805. In a preferred embodiment, an outer annular lining of cement is not 
provided in the repaired section. In the alternative preferred embodiment, any 
number of fluidic materials can be used to expand the tubular Uner 810 into 
intimate contact with the damaged section of the wellbore casing such as, for 

25 example, cement, epoxy, slag mix, or drilling mud. In the alternative preferred 
embodiment, sealing members 815 are preferably provided at both ends of the 
tubular member in order to optimally provide a flmdic seal. In an alternative 
preferred embodiment, the tubular Uner 810 is formed within a horizontally 
positioned pipeline section, such as those used to transport hydrocarbons or 

30 water, with the tubidar liner 810 placed in an overlapping relationship with the 
adjacent pipeline section. In this manner, undergroimd pipelines can be 
repaired without having to dig out and replace the damaged sections. 
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In another alternative preferred embodiment, the method and apparatus 
described herein is used to directly line a wellbore with a tubtilar liner 810. In 
a preferred embodiment, an outer annxilar lining of cement is not provided 
between the tubular liner 810 and the wellbore. In the alternative preferred 
5 embodiment, any nimiber of fliudic materials can be used to expand the tubular 
liner 810 into intimate contact with the wellbore such as, for example, cement, 
epo:^, slag mix, or drilling mud. 

Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expandable tubular 

10 member 902, a support member 904, an expandable mandrel or pig 906, and a 
shoe 908. In a preferred embodiment, the design and construction of the 
mandrel 906 and shoe 908 permits easy removal of those elements by drilling 
them out. In this maimer, the assembly 900 can be easily removed £rom a 
wellbore using a conventional drilling apparatus and corresponding drilling 

15 methods. 

The expandable tubular member 902 preferably includes an upper 
portion 910, an intermediate portion 912 and a lower portion 914. During 
operation of the apparatus 900, tiie tubular member 902 is preferably extruded 
off of the mandrel 906 by pressurizing an interior region 966 of the tubular 
20 member 902. The tubidar memb^ 902 preferably has a substantially annular 
cross-section* 

In a particularly preferred embodiment, an expandable tubular member 
915 is coupled to the upper portion 910 of the expandable tubular member 902. 
During operation of the apparatus 900, the tubular member 915 is preferably 
25 extruded off of the mandrel 906 by pressmdzing the interior region 966 of the 
tubidar member 902. The tubular member 915 preferably has a substantially 
annular cross-section. Jn a preferred entibodiment, the wall thickness of the 
tubular member 915 is greater than the wall thickness of the tubular member 
902. 

30 The tubtilar member 915 may be fabricated from any ntunber of 

conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanitun or stainless steels. In a preferred 
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embodiment, the tubtilar member 915 is fabricated from oilfield tubulars in 
order to optimally provide approximately the same mechanical properties as the 
tubular member 902. In a particularly preferred embodiment^ the tubular 
member 915 has a plastic yield point ranging from about 40,000 to 135,000 psi 
5 in order to optimally provide approximately the same yield properties as the 
tubular member 902. The tubular member 915 may comprise a pltirality of 
tubular members coupled end to end. 

In a preferred embodiment, the upper end portion of the tubular member 
915 includes one or more sealing members for optimally providing a fluidic 

10 and/or gaseous seal with an ecxisting section of wellbore casing. 

In a preferred embodiment, the combined length of the tubidar members 
902 and 915 are limited to minimize the possibiUty of buckling. For typical 
tubular member materials, the combined length of the tubular members 902 
and 915 are limited to between about 40 to 20,000 feet in length. 

15 The lower portion 914 of the tubidar member 902 is preferably coupled 

to the shoe 908 by a threaded connection 968. The intermediate portion 912 of 
the tubular member 902 preferably is placed in intimate shding contact with 
the mandrel 906, 

The tubidar member 902 may be fabricated from any niunber of 

20 conventional commercially available materials such as, for example, oilfield 
tubulars, low aUoy steels, titanium or stainless steels. In a preferred 
embodiment, the tubular member 902 is fabricated from oilfield tubulars in 
order to optimaUy provide approximately the same mechanical properties as the 
tubular member 915. In a particularly preferred embodiment, the tubular 

25 member 902 has a plastic yield point ranging from about 40,000 to 135,000 psi 
in order to optimally provide approximately the same yield properties as the 
tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 
912 and 914 of the tubular member 902 may range, for example, from about 

30 1/16 to 1.5 inches. In a preferred embodiment, the wall thickness of the upper, 
intermediate, and lower portions, 910, 912 and 914 of the tubular member 902 
range from about 1/8 to 1.25 in order to optimally provide wall thickness that 
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are about the same as the tubular member 915. In a preferred embodiment, the 
wall thickness of the lower portion 914 is less than or equal to the wall 
thickness of the upper portion 910 in order to optimally provide a geometry that 
will fit into tight clearances downhole. 
5 The outer diameter of the upper, intermediate, and lower portions, 910, 

912 and 914 of the tubular member 902 may range, for example, from about 
1.05 to 48 inches. In a preferred embodiment, the outer diameter of the upper, 
intermediate, and lower portions, 910, 912 and 914 of the tubular member 902 
range from about 3 to 19 inches in order to optimally provide the ability to 

10 expand the most commonly used oilfield tubulars. 

The length of the tubular member 902 is preferably linuted to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 

15 conmxerdally available tubiilar menobers modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the tubular 
member 902 comprises Oilfield Coimtry Tubular Goods available from various 
U.S. steel mills. The tubular member 915 may comprise any nimiber of 
conventional commercially available tubular members modified in accordance 

20 with the teachings of the present disclosure. In a preferred embodiment, the 
tubtilar member 915 comprises Oilfield Country Tubular Goods available from 
various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using 
any number of conventional process such as, for example, threaded connections, 

25 welding or machined from one piece. In a preferred embodiment, the various 
elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end 
to end. The various elements of the tubular member 915 may be coupled using 
any number of conventional process such as, for example, threaded connections, 

30 welding or machined from one piece. In a preferred embodiment, the various 
elements of the tubular member 915 are coupled using welding. The tubtilar 
member 915 may comprise a plurality of tubular elements that are coupled end 
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to end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded comiectionSy welding or 
machined from one piece. 

The support member 904 preferably includes an innerstring adapter 916, 
5 a fluid passage 918, an upper guide 920, and a coupling 922. During operation 
of the apparatus 900, the support member 904 preferably supports the 
apparatus 900 during movement of the apparatus 900 within a wellbore. The 
support member 904 preferably has a substantially aimidar cross-section. 
The support member 904 may be fabricated from any nmnber of 

10 conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 
embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 

15 conventional drill string support from a surface location. The innerstring 
adaptor 916 may be coupled to a conventional drill string support 971 by a 
threaded connection 970. 

The fluid passage 918 is preferably used to convey fluids and other 
materials to and from the apparatus 900. In a preferred embodiment, the fluid 

20 passage 918 is fluidicly coupled to the fluid passage 952. In a preferred 

embodiment, the fluid passage 918 is used to convey hardenable fiuidic sealing 
materials to and from the apparatus 900. In a particularly preferred 
embodiment, the fluid passage 918 may include one or more pressure reUef 
passages (not fllustrated) to release fluid pressure during positioning of the 

25 apparatus 900 within a wellbore. In a preferred embodiment, the fluid passage 
918 is positioned along a longitudinal centerline of the apparatus 900. In a 
preferred embodiment, the fluid passage 918 is selected to permit the 
conveyance of hardenable fluidic materials at operating pressures ranging from 
about 0 to 9,000 psi. 

30 The upper guide 920 is coupled to an upper portion of the support 

member 904. The upper guide 920 preferably is adapted to center the support 
member 904 within the tubidar member 915. The upper guide 920 may 
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comprise any number of conventional guide members modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the 
upper guide 920 comprises an innerstring adapter available from Halliburton 
Energy Services in Dallas, TX order to optimally guide the apparatus 900 
5 within the tubular member 915. 

The coupling 922 couples the support member 904 to the mandrel 906. 
The coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using 
any number of conventional processes such as, for example, welding, threaded 
10 connections or machined from one piece. In a preferred embodiment, the 
various elements of the support member 904 are coupled using threaded 
connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower 

15 guide 934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 
942, an upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 
948, a guide 950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator 
sleeve 948, and the rubber cup 926. The retainer 924 couples the rubber cup 

20 926 to the lubricator sleeve 948. The retainer 924 preferably has a 

substantially aimular cross-section. The retainer 924 may comprise any 
number of conventional commercially available retainers such as, for example, 
slotted spring pins or roll pin. 

The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 

25 946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the interior region 972 of the tubular member 902 below 
the rubber cup 926. The rubber cup 926 may comprise any nimiber of 
conventional commercially available rubber cups such as, for example, TP cups 
or Selective Injection Packer (SIP) cup. In a preferred embodiment, the rubber 

30 cup 926 comprises a SIP cup available from Halliburton Energy Services in 
Dallas, TX in order to optimally block foreign materials. 



-43- 



25791^,02 



In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to 
lubricate the interface between the exterior surface of the mandrel 902 and the 
interior surface of the tubxilar members 902 and 915. The lubricant may 
5 comprise any nimiber of conventional commercially available lubricants such 
as, for example, Lubriplate, chlorine based lubricants, oil based lubricants or 
CUmax 1500 Antiseize (3100). In a preferred embodiment, the lubricant 
comprises Climax 1500 Antiseize (3100) available from Climax Lubricants and 
Equipment Co. in Houston, TX in order to optimally provide lubrication to 

10 fadhate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the 
body of cement 932, the lower guide 934, the extension sleeve 936, the housing 
940, and the upper cone retainer 944. In a preferred embodiment, during 
operation of the apparatus 900, the tubular members 902 and 915 are extruded 

15 ofT of the outer surface of the expansion cone 928. In a preferred embodiment, 
axial movement of the expansion cone 928 is prevented by the lower cone 
retainer 930, housing 940 and the upper cone retainer 944, Inner radial 
movement of the expansion cone 928 is prevented by the body of cement 932, 
the housing 940, and the upper cone retainer 944. 

20 The expansion cone 928 preferably has a substantially aimtdar cross 

section. The outside diameter of the expansion cone 928 is preferably tapered 
to provide a cone shape. The wall thickness of the expansion cone 928 may 
range, for example, from about 0.125 to 3 inches. In a preferred embodiment, 
the wall thickness of the expansion cone 928 ranges from about 0,25 to 0.75 

25 inches in order to optimally provide adequate compressive strength with 
miTiiTTial material. The mflYimnm and minimum outside diameters of the 
expansion cone 928 may range, for example, from about 1 to 47 inches. In a 
preferred embodiment, the maYirmim and miTiiTnuTn outside diameters of the 
expansion cone 928 range from about 3.5 to 19 in order to optimally provide 

30 expansion of generally available oilfield tubulars 

The expansion cone 928 may be fabricated from any niunber of 
conventional commercially available materials such as, for example, ceramic, 
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tool steel, titanium or low alloy steel. In a preferred embodiment, the 
expansion cone 928 is fabricated from tool steel in order to optimally provide 
high strength and abrasion resistance. The surface hardness of the outer 
surface of the expansion cone 928 may range, for example, from about 50 
5 Rockwell C to 70 Rockwell C. In a preferred embodiment, the surface hardness 
of the outer surface of the expansion cone 928 ranges from about 58 Rockwell C 
to 62 Rockwell C in order to optimally provide high yield strength. In a 
preferred embodiment, the expansion cone 928 is heat treated to optimally 
provide a hard outer siurface and a resilient interior body in order to optimally 

10 provide abrasion resistance and fracture tou^mess. 

The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a prefixed embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section. 

15 The lower cone retainer 930 may be fabricated from any nimiber of 

conventional commercially available mat^als such as, for example, ceramic, 
tool steel, titanium or low alloy steel. In a preferred embodiment, the lower 
cone retains 930 is fabricated from tool steel in order to optimally provide high 
strength and abrasion resistance. The stuiace hardness of the outer surface of 

20 tixe lower cone retainer 930 may range, for example, from about 50 Rockwell C 
to 70 Rockwell C. In a preferred embodiment, the surface hardness of the outer 
surface of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 
Rockwell C in order to optimally provide high yield strength. In a preferred 
embodiment, the lower cone retainer 930 is heat treated to optimally provide a 

25 hard outer surface and a resilient int^or body in order to optimally provide 
abrasion resistance and fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the 
expansion cone 928 are formed as an integral one-piece element in order reduce 
the nimiber of components and increase the overall strength of the apparatus. 

30 The outer surface of the lower cone retainer 930 preferably mates with the 
inner surfaces of the tubular members 902 and 915. 
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The body of cement 932 is positioned within the interior of the mandrel 
906. The body of cement 932 provides an inner bearing structure for the 
mandrel 906. The body of cement 932 further may be easily drilled out using a 
conventional drill device. In this manner, the mandrel 906 may be easily 
5 removed using a conventional drilling device. 

The body of cement 932 may comprise any nmnber of conventional 
commercially available cement compounds. Alternatively, aluminum, cast iron 
or some other drillable metallic, composite, or aggregate material may be 
substituted for cement. The body of cement 932 preferably has a substantially 

10 annular cross-section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 
940. During operation of the apparatus 900, the lower guide 934 preferably 
helps guide the movement of the mandrel 906 within the tubular member 902. 
The lower guide 934 preferably has a substantially annular cross-section. 

15 The lower guide 934 may be fabricated from any number of conventional 

commercially available materials such as, for example, oilfield tubulars, low 
alloy steel or stainless steel. In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 
The outer sinrface of the lower guide 934 preferably mates with the inner 

20 surface of the tubular member 902 to provide a sliding fit 

The extension sleeve 936 is coupled to the lower guide 934 and the 
housing 940. During operation of the apparatus 900, the extension sleeve 936 
preferably helps guide the movement of the mandrel 906 within the tubular 
member 902. The extension sleeve 936 preferably has a substantially annular 

25 cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel or stainless steel. In a preferred embodiment, the 
extension sleeve 936 is fabricated from low aUoy steel in order to optimally 

30 provide hig^ yield strength. The outer surface of the extension sleeve 936 

preferably mates with the inner surface of the tubular member 902 to provide a 
sUding fit. In a preferred embodiment, the extension sleeve 936 and the lower 
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guide 934 are formed as an integral one-piece element in order to minimize the 
nimiber of components and increase the strengtJi of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the Ouid passage 952 and is adapted to mate with the 
5 extension tube 960 of the shoe 908. In this manner, a plug or dart can be 
conveyed from the surface through the fluid passages 918 and 952 into the fluid 
passage 962. Preferably, the spacer 938 has a substantially annular cross- 
section. 

The spacer 938 may be fabricated from any number of conventional 
10 commercially available materials such as, for example, steel, altmiinimi or cast 
iron. In a preferred embodiment, the spacer 938 is fabricated from alimoinum 
in order to optimally provide drillability. The end of the spacer 938 preferably 
mates with the end of the extension tube 960. In a preferred embodiment, the 
spacer 938 and the sealing sleeve 942 are formed as an integral one-piece 
15 element in order to reduce the ninnber of components and increase the strength 
of the apparatus. 

The housing 940 is coupled to the lower guide 934, ezctension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. Dvuing 
operation of the apparatus 900, the housing 940 prefi^ably prevents inner 

20 radial motion of the expansion cone 928. Preferably, the housing 940 has a 
substantially annular cross-section. 

The housing 940 may be fabricated from any numb^ of conventional 
commercially available materials such as, for example, oilfield tubulars, low 
alloy steel or stainless steel. In a preferred embodiment^ the housing 940 is 

25 fabricated from low alloy steel in order to optimally provide high yield strength. 
In a preferred embodiment, the lower guide 934, extension sleeve 936 and 
housing 940 are formed as an integral one-piece element in order to minimize 
the number of components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior sturface of the 

30 housing 940 includes one or more protrusions to fadliate the connection 
between the housing 940 and the body of cement 932. 
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The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation 
of the apparatus, the sealing sleeve 942 preferably provides support for the 
mandrel 906. The sealing sleeve 942 is preferably coupled to the support 
5 member 904 \ising the coupling 922. Preferably, the sealing sleeve 942 has a 
substantially annular cross-section. 

The sealing sleeve 942 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 942 is 
10 fabricated from aluminum in order to optimally provide drillability of the 
sealing sleeve 942. 

In a particularly preferred embodiment, the outer sinrface of the sealing 

sleeve 942 includes one or more protrusions to fadliate the connection between 

the sealing sleeve 942 and the body of cement 932. 
15 In a particularly preferred embodiment, the spacer 938 and the sealing 

sleeve 942 are integrally formed as a one-piece element in order to minindze the 

nmnber of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 

sealing sleeve 942, and the body of cement 932. During operation of the 
20 apparatus 900, the upper cone retainer 944 preferably prevents axial motion of 

the expansion cone 928. Preferably, the upper cone retainer 944 has a 

substantially annidar cross-section. 

The upper cone retainer 944 may be fabricated from any number of 

conventional commercially available materials such as, for example, steel, 
25 aluminum or cast iron. In a prefCTred embodiment, the upper cone retainer 944 

is fabricated from aluminum in order to optin:ially provide drillability of the 

upper cone retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has 

a cross-sectional shape designed to provide increased rigidity. In a particularly 
30 preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 

that is substantially I-shaped to provide increased rigidity and minimize the 

amoimt of material that would have to be djrilled out. 
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The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
Diu-ing operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
5 interface between the mandrel 906 and the tubular member 902. Preferably, 
the lubricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 
10 is fabricated from aluminum in order to optimally provide drillabiliiy of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, the upper cone retainer 944, the lubricator 
sleeve 948, and the guide 950. Diuring operation of the apparatus 900, the 
15 lubricator sleeve 948 preferably supports the rubber cup 926. Preferably, the 
lubricator sleeve 948 has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any nimiber of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
20 fabricated from aluminum in order to optimally provide drillability of the 
lubricator sleeve 948. 

As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber 
cup 926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 
25 948. In a preferred embodiment, seals 949a and 949b are provided between the 
lubricator mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to 
optimally seal ofTthe interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During oi>eration of the apparatus 900, the guide 
30 950 preferably guides the apparatus on the support m^nber 904. Preferably, 
the guide 950 has a substantially annular cross-section. 
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The guide 960 may be fabricated firom any number of conventional 
conunerdally available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
5 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 952 preferably conveys hardenable fltiidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, 
the fluid passage 952 is adapted to convey hardenable fltiidic materials at 

10 pressures and flow rate ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/min in order to optimally provide pressiures and flow rates to displace 
and circulate fluids dtunng the installation of the apparatus 900. 

The vaiiotis elements of the mandrel 906 may be coupled using any 
number of conventional process such as, for example, threaded coimections, 

15 welded connections or cementing. In a preferred embodiment, the various 
elements of the mandrel 906 are coupled using threaded connections and 
cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fliud passage 962, and one or more 
20 outlet jets 964. 

The housing 954 is coupled to the body of cement 956 and the lower 
portion 914 of the tubular member 902. During operation of the apparatus 900, 
the housing 954 preferably couples the lower portion of the tubular member 
902 to the shoe 908 to facilitate the extrusion and positioning of the tubiilar 
25 member 902. Preferably, the housing 954 has a substantially annular cross- 
section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 
preferred embodiment, the housing 954 is fabricated from altmiinmn in order to 
30 optimally provide drillability of the housing 954. 
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In a particularly preferred embodiment, the interior surface of the 
housing 954 includes one or more protrusions to fadliate the connection 
between the body of cement 956 and the housing 954. 

The body of cement 956 is coupled to the hoiising 954, and the sealing 
5 sleeve 958. In a preferred embodiment, the composition of the body of cement 
956 is selected to permit the body of cement to be easily drilled out using 
conventional drilling machines and processes. 

The composition of the body of cement 956 may include any number of 
conventional cement compositions. In an alternative embodiment, a drillable 
10 material such as, for example, aluminum or iron may be substituted for the 
body of cement 956. 

The sealing sleeve 958 is coupled to the body of cem^t 956, the 
extension tube 960, the flidd passage 962, and one or more outlet jets 964. 
During operation of the apparatus 900, the sealing sleeve 958 preferably is 
15 adapted to convey a hardenable fluidic material from the fluid passage 952 into 
the fluid passage 962 and then into the outlet jets 964 in order to inject the 
hardenable fluidic material into an annular region external to the tubular 
member 902. In a preferred embodiment, during operation of the apparatus 
900, the sealing sleeve 958 further includes an inlet geometry that permits a 
20 conventional plug or dart 974 to become lodged in the inlet of the sealing sleeve 
958. In this manner, the fluid passage 962 may be blocked thereby fluididy 
isolating the interior region 966 of the tubular member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
annular cross*section. The sealing sleeve 958 may be fabricated firom any 
25 number of conventional commercially available materials such as, for example, 
steel, aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 
is fabricated from aliuninum in order to optunally provide drillabiUty of the 
sealing sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
30 passage 962, and one or more outlet jets 964. Dining operation of the 
apparatus 900, the extension tube 960 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fliud passage 
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962 and then into the outlet jets 964 in order to inject the hardenable fluidic 
material into an annular region external to the tubular member 902. In a 
preferred embodiment, during operation of the apparatus 900, the sealing 
sleeve 960 further includes an inlet geometry that permits a conventional plug 
5 or dart 974 to become lodged in the inlet of the sealing sleeve 958. In this 
manner, the fluid passage 962 is blocked thereby fluidicly isolating the interior 
region 966 of the tubular member 902. In a preferred embodiment, one end of 
the extension tube 960 mates with one end of the spacer 938 in order to 
optimally fadliate the transfer of material between the two. 

10 In a preferred embodiment, the extension tube 960 has a substantially 

annular cross-section. The extension tube 960 notay be fabricated &om any 
number of conventional commercially available materials such as, for example, 
steel, aluminmn or cast iron. In a preferred embodiment, the extension tube 
960 is fabricated from aluminxun in order to optimally provide drillabiUty of the 

15 extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 
900, the fluid passage 962 is prefKrably convejrs hardenable fluidic materials. In 
a preferred embodiment, the fluid passage 962 is positioned about the 

20 centerline of the apparatus 900. In a particularly preferred embodinaent, the 
flmd passage 962 is adapted to convey hardenable fluidic materials at pressures 
and flow rate ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/min in 
order to optimally provide fluids at operationaUy efSdent rates. 

The outlet jets 964 are coupled to the sealing sleeve 958, the extension 

25 tube 960, and the fluid passage 962. During operation of the apparatus 900, the 
outlet jets 964 preferably convey hardenable fluidic material fr^om the fluid 
passage 962 to the region estterior of the apparatus 900. In a preferred 
en[ibodiment, the shoe 908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled 

30 in the housing 954 and the body of cement 956 in order to simplify the 
construction of the apparatus 900. 
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The various elements of the shoe 908 may be coupled using any nimiber 
of conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled tising cement. 
5 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Figs. 1*8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean 
formation, a drill string is tised in a well known manner to drill out material 

10 from the subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the v^ellbore. In a 
particularly preferred embodiment, the apparatus 900 includes the tubular 
member 915. In a preferred embodiment, a hardenable fluidic sealing 

15 hardenable fluidic sealing material is then pmnped from a surface location into 
the fluid passage 918. The hardenable fliddic sealing material then passes from 
the fluid passage 918 into the interior region 966 of the tubular member 902 
below the mandrel 906. The hardenable fluidic sealing material then passes 
from the interior region 966 into the fliud passage 962. The hardenable fluidic 

20 sealing material then exits the apparatus 900 via the outlet jets 964 and fills an 
annular region between the exterior of the tubular member 902 and the interior 
wall of the new section of the wellbore. Continued pimiping of the hardenable 
fluidic sealing material causes the material to fill up at least a portion of the 
annular region. 

25 The hardenable fluidic sealing material is preferably pimiped into the 

annular region at pressures and flo>y rates ranging, for example, from about 0 
to 5,000 psi and 0 to 1,500 gallons/min, respectively. In a preferred 
embodiment, the hardenable fluidic sealing material is pumped into the annular 
region at pressures and flow rates that are designed for the specific wellbore 

30 section in order to optimize the displacement of the hardenable fluidic sealing 
material while not creating high enough circulating pressures such that 
circulation might be lost and that could cause the wellbore to collapse. The 
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Optimum pressures and flow rates are preferably determined using conventional 
empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such 
5 as, for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 

10 operational difiBculties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably 
determined using conventional empirical methods. 

The aimular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensiu^ that, upon radial expansion of the 

15 tubular member 902, the annular region of the new section of the wellbore will 
be filled with hardenable material. 

Once the annular region has been adequately filled with hardenable 
fluidic sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluididy isolating the interior 

20 region 966 of the tubular member 902 from the external annular region. In a 
preferred embodiment, a non hardenable fluidic material is then pumped into 
the interior region 966 causing the interior region 966 to pressurize. In a 
particularly preferred embodiment, the plug or dart 974, or other similar device, 
preferably is introduced into the fluid passage 962 by introducing the plug or 

25 dart 974, or other similar device into the non hardenable fluidic material. In 
this manner, the amount of cured material within the interior of the tubular 
members 902 and 915 is minimized. 

Once the interior region 966 becomes sufGciently pressurized, the 
tubular members 902 and 915 are extruded off of the mandrel 906. The 

30 mandrel 906 may be fixed or it may be expandable. During the extrusion 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
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members 902 and 915 using the support member 904. During this extrusion 
process, the shoe 908 is preferably substantially stationary. 

The plug or dart 974 is preferably placed into the fluid passage 962 by 
introducing the plug or dart 974 into the fluid passage 918 at a surface location 
5 in a conventional maimer. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such 
as, for example, Multiple Stage Cementer (MSG) latch-down plug, Omega latch- 
down plug or three-wiper latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the plug or 

10 dart 974 comprises a MSG latch-down plug available from Halliburton Energy 
Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 

15 3,000 gallons/min in order to optimally extrude the tubular members 902 and 
915 off of the mandrel 906. 

For typical tubular memb^ 902 and 915, tiie extrusion of the tubtdar 
members 902 and 915 off of the expandable mandrel will begin when the 
pressure of the interior region 966 reaches approximately 500 to 9,000 psi. In a 

20 preferred embodiment, the extrusion of the tubular members 902 and 915 off 
of the nmndrel 906 begins when the pressure of the interior region 966 reaches 
approximately 1,200 to 8,500 psi with a flow rate of about 40 to 1250 
gallons/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 expanded portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 5 ft/sec. In a preferred embodiment, during the 
extrusion process, tiie mandrel 906 is raised out of the expanded portions of the 
tubular members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order 
to optimally provide pulling speed fast enough to permit efQdent operation and 
30 permit fvH expansion of the tubular members 902 and 915 prior to curing of the 
hardenable fltiidic sealing material; but not so fast that timely adjustment of 
operating parameters dining operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upp>er end portion of the tubular 
member 915 will preferably contact the interior surface of the lower end portion 
of the existing casing to form an fluid ti^t overlapping joint The contact 
5 pressure of the overlapping joint may range, for example, from approximately 
50 to 20,000 psi- In a preferred embodiment, the contact pressure of the 
overlapping joint between the upper end of the tubular member 915 and the 
existing section of weDbore casing ranges from approximately 400 to 10,000 psi 
in order to optimally provide contact pressure to activate the sealing members 

10 and provide optimal resistance such that the tubular member 915 and existing 
wellbore casing will carry typical tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
non hardenable fluidic material will be controUably ramped down when the 
mandrel 906 reaches the upper end portion of the tubular member 915. In this 

15 manner, the sudden release of pressiire caused by the complete extrusion of the 
tubular member 915 off of the expandable miandrel 906 can be minimized. In a 
preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% dtiring the end of the extrusion process 
beginning when the mandrel 906 has completed approximately aU but about the 

20 last 5 feet of the extrusion process. 

In an alternative preferred embodiment, the operating pressure and/or 
flow rate of the hardenable fluidic sealing material and/or the non hardenable 
flxiidic material are controlled during all phases of the operation of the 
apparatus 900 to minimize shock. 

25 Alternatively, or in combination, a shock absorber is provided in the 

support member 904 in order to absorb the shock caused by the sudden release 
of pressure. 

Alternatively, or in combination, a mandrel catching structure is 
provided above the support member 904 in order to catch or at least decelerate 
30 the mandrel 906. 

Once the extrusion process is completed, the mandrel 906 is removed 
from the wellbore. In a preferred embodiment, either before or after the 
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removal of the mandrel 906, the integrity of the fltiidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower 
portion of the existing casing is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion of the tubtilar 
5 member 916 and the lower portion of the existing casing is satisfactory, then 
the uncured portion of any of the hardenable fluidic sealing material within the 
expanded tubular member 915 is then removed in a conventional manner. The 
hardenable fluidic sealing material within the annular region between the 
expanded tubular member 915 and the existing casing and new section of 

10 wellbore is then allowed to cure. 

Preferably any remaining cured hardenable fluidic sealing material 
within the interior of the expanded tubular members 902 and 915 is then 
removed in a conventional manner using a conventional drill string. The 
resulting new section of casing preferably includes the expanded tubular 

15 members 902 and 915 and an outer annular layer of cured hardenable fltiidic 
sealing material. The bottom portion of the s^paratus 900 comprising the shoe 
908 may then be removed by drilling out the shoe 908 using conventional 
drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
20 necessary to remove the enHre apparatus 900 firom the int^or of the wellbore 
due to a malfunction. In this circumstance, a conventional driU string is used to 
driU out the interior sections of the apparatus 900 in order to facilitate the 
removal of the remaining sections. In a preferred embodiment, the interior 
elements of the apparatus 900 are fabricated firom materials such as, for 
25 example, cement and aluminum, that permit a conventional drill string to be 
employed to drill out the interior components. 

In particular, in a preferred embodiment, the composition of the interior 
sections of the mandrel 906 and shoe 908, including one or more of the body of 
cement 932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944, 
30 the lubricator mandrel 946, the lubricator sleeve 948, the guide 950, the 

housing 954, the body of cement 956, the sealing sleeve 958, and the extension 
tube 960, are selected to permit at least some of these components to be drilled 
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out using conventional drilling methods and apparatus. In this manner, in the 
event of a malfunction downhole, the apparatus 900 may be easily removed 
from the wellbore. 

Referring now to Pigs, 10a, 10b, 10c, lOd, lOe, lOf, and lOg a method and 
5 apparatus for creating a tie-back hner in a wellbore will now be described. As 
illustrated in Pig. 10a, a wellbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006, 

The first casing 1004 preferably includes a tubular liner 1008 and a 
cement aimulus 1010. The second casing 1006 preferably includes a tubular 
10 liner 1012 and a cement annulus 1014. In a preferred embodiment, the second 
casing 1006 is formed by expanding a tubular member substantially as 
described above with reference to Figs. l-9c or below with reference to Figs, 
lla-llf 

In a particularly preferred embodiment, an upper portion of the tubular 

15 liner 1012 overlaps with a lower portion of the tubular liner 1008, In a 

particularly preferred embodiment, an outer siuface of tiie upper portion of the 
tubular liner 1012 includes one or more sealing members 1016 for providing a 
fluidic seal between the tubular liners 1008 and 1012. 

Referring to Pig. 10b, in order to create a tie-back liner that extends firom 

20 the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an ^andable mandrel or pig 1106, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1135, one or more fluid passages 1140, seals 1145, and a 
support member 1150. 

25 The expandable mandrel or pig 1105 is coupled to and supported by the 

support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any niunber of conventional commercially available expandable 
mandrels modified in accordance with the teachings of the present disclosure. 

30 In a preferred embodiment, the expandable mandrel 1105 comprises a hydrauhc 
expansion tool substantially as disclosed in Pat. No. 5,348,095, the 



-58- 



25791^3.02 



disclosure of which is incorporated herein by reference, modified in accordance 
with the teachings of the present disclosure. 

The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 1105 is expanded in the radial direction 
5 and extruded off of the expandable mandrel 1105. The tubular member 1110 
may be fabricated from any number of materials such as, for example, OilBeld 
Country Tubular Goods, 13 chromium tubing or plastic piping. In a preferred 
embodiment, the tubular member 1110 is fabricated from Oilfield Coimtry 
Tubular Goods, 

10 The inner and outer diameters of the tubular member 1110 may range, 

for example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, 
respectively. In a preferred embodiment, the iimer and outer diameters of the 
tubular member 1110 range fi-om about 3 to 15.5 inches and 3.5 to 16 inches, 
respectively in order to optimally provide coverage for typical oilfield casing 

15 sizes. The tubular member 1110 preferably comprises a solid member. 

In a preferred embodiment, the upper end portion of the tubular member 
1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 

20 minimize the possibility of buckling. For typical tubular member 1110 
materials, the length of the tubular member 1110 is preferably limited to 
between about 40 to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the 
tubular member 1110. The shoe 1116 includes the fluid passage 1135. The 

25 shoe 1115 may comprise any number of conventional commercially available 
shoes such as, for example, Super Seal II float shoe, Super Seal II Down-Jet 
float shoe or a guide shoe with a sealing sleeve for a latch down plug modified in 
accordance with the teachings of the preset disclosure. In a preferred 
embodiment, the shoe 1115 comprises an aluminum down-jet guide shoe with a 

30 sealing sleeve for a latch-down plug with side ports radiating off of the exit flow 
port available from HaDiburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosiure, in order to optimally 
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guide the tubular member 1100 to the overlap between the tubular member 
1100 and the casing 1012, optimally fluididy isolate the interior of the tubular 
member 1100 after the latch down plug has seated, and optimally permit 
drilling out of the shoe 1115 after completion of the expansion and cementing 
5 operations. 

In a preferred embodiment, the shoe 1115 includes one or more side 
outlet ports 1140 in Quidic commimication with the fluid passage 1135. In this 
manner, the shoe 1115 injects hardenable fluidic sealing material into the 
region outside the shoe 1115 and tubular member 1110. In a preferred 
10 embodiment, the shoe 1115 includes one or more of the fluid passages 1140 
each having an inlet geometry that can receive a dart and/or a ball sealing 
member. In this manner, the fluid passages 1140 can be sealed ofi'by 
introducing a plug, dart and/or ball sealing elements into the fluid passage 
1130. 

15 The cup seal 1120 is coupled to and supported by the support member 

1150. The cup seal 1120 prevents foreign materials from entering the interior 
region of the tubular member 1110 adjacent to the expandable mandrel 1105. 
The cup seal 1120 may comprise any number of conventional commercially 
available cup seals such as, for example, TP cups or Selective Injection Packer 

20 (SIP) cups modified in accordance with the teachings of the present disclosm-e. 
In a preferred embodiment, the cup seal 1120 comprises a SIP cup, available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
barrier to debris and contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 

25 from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 
1130 preferably extends from a position adjacent to the surface to the bottom of 
the expandable mandrel 1105. The fluid passage 1130 is preferably positioned 

30 along a centerhne of the apparatus 1100. The fluid passage 1130 is preferably 
selected to transport materials such as cement, drilling mud or epoxies at flow 
rates and pressures ranging from about 0 to 3,000 gaflons/minute and 0 to 9,000 
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psi in order to optimally provide sufficient operating pressures to circulate 
flmds at operationally efficient rates. 

The fluid passage 1135 permits fluidic materials to be transmitted from 
fluid passage 1130 to the interior of the tubular member 1110 below the 
5 mandrel 1105. 

The fluid passages 1140 permits fluidic mat^als to be transported to 
and from the region exterior to the tubular member 1110 and shoe 1115. The 
fluid passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 

10 expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other similar device, to be placed in the 
fluid passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
mandrel 1105 can be fluididy isolated from the region exterior to the tubular 

15 member 1105. This permits the interior region of the tubular member 1110 
below the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of 
the shoe 1115. The fluid passages 1140 are preferably selected to convey 
materials such as cement, drilling mud or epoxies at flow rates and pressures 

20 ranging &om about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to 
optimally fill the aimular region between the tubular member 1110 and the 
tubular liner 1008 with fluidic materials. In a preferred embodiment, the fluid 
passages 1140 include an inlet geometry that can receive a dart and/or a ball 
sealing member. In this manner, the fluid passages 1140 can be sealed off by 

25 introducing a plug, dart and/or ball sealing elements into the fluid passage 
1130. In a preferred embodiment, the apparatus 1100 includes a plurality of 
fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a 

30 plug, or other similar device, to permit the interior region of the tubular 

member 1110 to be fluididy isolated from the exterior of the tubular member 
1110. 
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The seals 1145 are coupled to and supported by a lower end portion of 
the tubular member 1110. The seals 1145 are further positioned on an outer 
smtface of the lower end portion of the tubular member 1110. The seals 1145 
permit the overlapping joint between the upper end portion of the casing 1012 
5 and the lower end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1145 may comprise any niunber of conventional commercially 
available seals such as, for example, lead, rubber, Teflon or epo:^ seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the seals 1145 comprise seals molded from Stratalock epoxy 
10 available from Halliburton Energy Services in Dallas, TX in order to optimally 
provide a hydratilic seal in the overlapping joint and optimally provide load 
carrying capacity to withstand the range of typical tensile and compressive 
loads. 

In a preferred embodiment, the seals 1145 are selected to optimally 
15 provide a stiffident Mctional force to support the expanded tubular member 
1110 from the tubular liner 1008. In a preferred embodiment, the frictional 
force provided by the seals 1145 ranges from about 1,000 to 1,000,000 Ibf in 
tension and compression in order to optimally support the expanded tubular 
member 1110. 

20 The support member 1150 is coupled to the expandable mandrel 1105, 

tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
preferably comprises an annular member having sufQcient strength to carry the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional centralizers (not 

25 illustrated) to help stabilize the tubidar member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in 
the annular region above the expandable mandrel 1105 within the interior of 
the tubular member 1110. In this maimer, the extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 is facilitated. The lubricant 

30 1150 may comprise any niunber of conventional commercially available 

lubricants such as, for example, Lubriplate, chlorine based lubricants or Climax 
1500 Antiseize (3100). In a preferred embodiment, the lubricant 1150 
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comprises Climax 1500 Antiseize (3100) available from Climax Lubricants and 
Eqmpment Co. in Houston, TX in order to optimally provide lubrication for the 
extrusion process. 

In a preferred embodiment, the support member 1150 is thoroughly 
5 cleaned prior to assembly to the remaining portions of the apparatus 1100* In 
this manner, the introduction of foreign material into the apparatus 1100 is 
minimized. This minixnizes the possibility of foreign material clogging tiie 
various flow passages and valves of the apparatus 1100 and to ensiire that no 
foreign material interferes with the expansion mandrel 1105 during the 

10 extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
packer 1155 coupled to the bottom section of the shoe 1115 for fltudidy 
isolating the region of the wellbore 1000 below the apparatus 1100« In this 
manner, fluidic materials are prevented firom entering the region of the 

15 wellbore 1000 below the apparatus 1100. The packer 1155 may comprise any 
number of conventional conmierdaUy available packers such as, for example, 
EZ Drill Packer, EZ SV Packer or a drillable cement retainer. In a preferred 
embodiment, the packer 1155 comprises an EZ Drill Packer available from 
Halliburton Energy Services in Dallas, TX. In an alternative embodiment, a 

20 high gel strength pill may be set below the tie-back in place of the packer 1155. 
In another alternative embodiment, the packer 1155 may be omitted. 

In a preferred embodiment^ before or after positioning the apparatus 
1100 within the wellbore 1100, a couple of wellbore volumes are circulated in 
order to ensure that no foreign materials are located within the wellbore 1000 

25 that mi^t dog up the various flow passages and valves of the apparatus 1100 
and to ensure that no foreign material interferes with the operation of the 
expansion mandrel 1105. 

As illustrated in Fig. 10c, a hardenable fluidic sealing material 1160 is 
then piunped from a surface location into the fluid passage 1130. The material 

30 1160 then passes from the fluid passage 1130 into the interior region of the 
tubidar member 1110 below the expandable mandrel 1105. The material 1160 
then passes from the interior region of the tubular member 1110 into the fluid 
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passages 1140. The material 1160 then exits the apparatus 1100 and GUs the 
annular region between the exterior of the tubular member 1110 and the 
interior wall of the tubular liner 1008. Continued pimiping of the material 1160 
causes the material 1160 to fill up at least a portion of the annular region. 
5 The material 1160 may be pmnped into the annular region at pressxures 

and flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 
gallons/min, respectively. In a preferred embodiment, the material 1160 is 
piunped into the annular region at pressures and flow rates specifically 
designed for the casing sizes being nm, the annular spaces being filled, the 

10 pumping equipment available, and the properties of the flmd being pmnped. 
The optimum flow rates and pressxures are preferably calculated using 
conventional empirical methods. 

The hardenable fluidic sealing material 1160 may comprise any number 
of conventional commercially available hardenable fluidic sealing materials such 

15 as, for example, slag ttiiit^ cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the 
tubular member 1110 while maintaining optimum flow characteristics so as to 

20 minimize operational difficulties during the displacement of cement in the 
annular region. The optimmn blend of the blended cements are preferably 
determined using conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, 

25 the annular region will be filled with material 1160. 

As iQustrated in Fig lOd, once the annular region has been adequately 
filled with material 1160, one or more plugs 1165, or other similar devices, 
preferably are introduced into the flmd passages 1140 thereby fluidicly isolating 
the interior region of the tubular member 1110 from tlie annular region 

30 external to the tubular member 1110. In a preferred embodiment, a non 
hardenable fluidic material 1161 is then pumped into the interior region of the 
tubular member 1110 below the mandrel 1105 causing the interior region to 
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pressurize. In a particularly preferred embodiment, the one or more plugs 
1165, or other similar devices, are introduced into the flmd passage 1140 with 
the introduction of the non hardenahle fltddic material. In this manner, the 
amount of hardenahle fluidic material within the interior of the tubular 
5 member lllO is minimized. 

As illustrated in Fig. lOe, once the interior region becomes sufBdently 
pressurized, the tubular member 1110 is extruded off of the expandable 
mandrel 1105, During the extrusion process, the expandable mandrel 1105 is 
raised out of the expanded portion of the tubular member 1110. 

10 The plugs 1165 are preferably placed into the fluid passages 1140 by 

introdudng the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1165 may comprise any number of 
conventional commercially available devices from plugging a fluid passage such 
as, for example, brass balls, plugs, rubber balls, or darts modified in accordance 

15 with the teachings of the present disclosinre. 

In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart. 

After placement of the plugs 1165 in the fluid passages 1140, the non 

20 hardenahle fluidic material 1161 is preferably pumped into the interior region 
of the tubular member 1110 below the mandrel 1105 at pressures and flow 
rates ranging fi*om approximately 500 to 9,000 psi and 40 to 3,000 gallons/min. 
In a preferred embodiment, after placement of the plugs 1165 in the fluid 
passages 1140, the non hardenahle fluidic material 1161 is preferably pumped 

25 into the interior region of the tubular member 1110 below the mandrel 1105 at 
pressures and flow rates ranging from approximately 1200 to 8500 psi and 40 to 
1250 gallons/min in order to optimally provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 

30 interior region of the tubular member 1110 below the mandrel 1105 reaches, for 
example, approximately 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 ofTof the expandable mandrel 1105 
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begins when the pressure ofihe interior region of the tubular member 1110 
below the mandrel 1105 reaches approximately 1200 to 8500 psi. 

During the extrusion process, the expandable mandrel 1105 may be 
raised out of the expanded portion of the tubular member 1110 at rates 
5 ranging, for example, from about 0 to 5 ft/sec. In a prefCTred embodiment, 
dtuing the extrusion process, the expandable mandrel 1105 is raised out of the 
expanded portion of the tubular member 1110 at rates ranging from about 0 to 
2 ft/sec in order to optimally provide permit adjustment of operational 
parameters, and optimally ensure that the extrusion process will be completed 

10 before the material 1160 cures. 

In a preferred embodiment, at least a portion 1180 of the tubidar 
member 1110 has an internal diameter less than the outside diameter of the 
mandrel 1105. In this manner, when the mandrel 1105 expands the section 
1180 of the tubular member 1110, at least a portion of the expanded section 

15 1180 effects a seal with at least the wellbore casing 1012. In a particularly 
preferred embodiment, the seal is e£fected by compressing the seals 1016 
between the expanded section 1180 and the wellbore casing 1012. In a 
preferred embodiment, the contact pressure of the joint between the expanded 
section 1180 of the tubular member 1110 and the casing 1012 ranges from 

20 about 500 to 10,000 psi in order to optimally provide pressure to activate the 
sealing members 1145 and provide optimal resistance to ensure that the joint 
will withstand typical extremes of tensile and compressive loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an internal diameter less than the 

25 outside diameter of the mandrel 1105. In this manner, extrusion of the tubular 
member 1110 by the mandrel 1105 results in contact between substantially all 
of the expanded tubular member 1110 and the existing casing 1008. In a 
preferred embodiment, the contact pressture of the joint between the expanded 
tubular member 1110 and the casings 1008 and 1012 ranges from about 500 to 

30 10,000 psi in order to optimally provide pressure to activate the sealing 
members 1145 and provide optimal resistance to ensure that the joint will 
withstand typical extremes of tensile and compressive loads. 
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In a prefm-ed enibodiment, the bperatmg pressure and flow rate of the 
material 1161 is controllabl7 ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
sudden release of pressxnre caused by the complete extrusion of the tubular 
5 member 1110 off of the expandable mandrel 1105 can be minimized. In a 
preferred embodiment, the operating pressure of the fiuidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% diuring the 
end of the extrusion process beginning when the mandrel 1105 has completed 
approximately all but about 5 feet of the extnision process. 
10 Alternatively, or in combination, a shock absorber is provided in the 

support men[iber 1150 in order to absorb the shock caused by the sudden release 
of pressure. 

Alternatively, or in combination, a mandrel catching structure is 
provided in the upp^ end portion of the tubular member 1110 in order to catch 

15 or at least decelerate the mandrel 1105. 

Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 
1105, the integrity of the fluidic seal of the joint between the upper portion of 

20 the tubtdar member 1110 and the upper portion of the tubtdar Uner 1108 is 
tested using conventional methods. If the fluidic seal of the joint between the 
upper portion of the tubular member 1110 and the upper portion of the tubular 
liner 1008 is satisfactory, then the imcured portion of the material 1160 within 
the expanded tubular member 1110 is then removed in a conventional numner. 

25 The material 1160 within the annular region between the tubtdar member 1110 
and the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. lOf, preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The r^ulting tie-back 

30 liner of casing 1170 includes the expanded tubular member 1110 and an outer 
annular layer 1175 of cured material 1160. 
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As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 tising conventional drilling methods. 

In a particularly preferred embodiment, the apparatus 1100 incorporates 
5 the apparatus 900. 

Referring now to Figs, lla-llf^ an embodiment of an apparatus and 
method for hanging a tubular liner off of an existing wellbore casing will now be 
described. As illustrated in Pig. 11a, a wellbore 1200 is positioned in a 
subterranean formation 1205. The wellbore 1200 includes an existing cased 
10 section 1210 having a tubular casing 1215 and an annular outer layer of cement 
1220. 

In order to extend the wellbore 1200 into the subterranean formation 
1205, a drill string 1225 is used in a well known maimer to drill out material 
from the subterranean formation 1205 to form a new section 1230. 

15 As illustrated in Fig. lib, an apparatus 1300 for forming a wellbore 

casing in a subterranean formation is then positioned in the new section 1230 
of the wellbore 100. The apparatus 1300 preferably includes an expandable 
mandrel or pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, 
a fluid passage 1330, a fltud passage 1335, seals 1340, a support member 1345, 

20 and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1345. The expandable mandrel 1306 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1305 may 
comprise any number of conventional commercially available expandable 

25 mandrels modified in accordance with the teachings of the present disclosure. 
In a preferred embodiment, the expandable mandrel 1305 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. Pat. No. 5,348,095, the 
disdosiu^ of which is incorporated herein by reference, modified in accordance 
with the teachings of the present disclosure* 

30 The tubiilar member 1310 is coupled to and supported by the expandable 

mandrel 1305. The tubular member 1310 is preferably expanded in the radial 
direction and extruded off of the expandable mandrel 1305. The tubular 
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member 1310 may be fabricated from any number df materials such as, for 
example, Oilfield Country Tubular Goods (OCTG), 13 chromium steel 
tubing/casing or plastic casing* In a preferred embodiment, the tubular 
member 1310 is fabricated from OCTG. The inner and outer diameters of the 
5 tubular member 1310 may range, for example, from approximately 0.75 to 47 
inches and 1.05 to 48 inches, respectively. In a preferred embodiment, the 
inner and outer diameters of the tubular member 1310 range from about 3 to 
15.5 inches and 3.5 to 16 inches, respectively in order to optimally provide 
minimal telescoping efTect in the most commonly encoimtered wellbore sizes. 

10 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thickness and outer diameter of the upper 
portion 1355 of the tubular member 1310 range from about 3/8 to 1 inches 
and 3 to 16 inches, respectively. In a preferred embodiment, the wall 

15 thickness and outer diameter of the intermckliate portion 1360 of the tubular 
member 1310 range from about 0.625 to 0.75 inches and 3 to 19 inches, 
respectively. In a preferred embodiment, the wall thickness and outer 
diameter of the lower portion 1365 of the tubular member 1310 range from 
about 3/8 to 1.5 inches and 3.5 to 16 inches, respectively. 

20 In a particularly preferred embodiment, the outer diameter of the lower 

portion 1365 of the tubular member 1310 is significantly less than the outer 
diameters of the upper and intermediate portions, 1355 and 1360, of the 
tubular member 1310 in order to optimize the formation of a concentric and 
overlapping arrangement of wellbore casings. In this manner, as will be 

25 described below with reference to Figs. 12 and 13, a wellhead system is 
optimally provided. In a preferred embodiment, the formation of a wellhead 
system does not include the use of a hardenable fluidic material. 

In a partictdarly preferred embodiment, the wall thickness of the 
intermediate section 1360 of the tubular member 1310 is less than or equal to 

30 the wall thickness of the upper and lower sections, 1355 and 1365, of the 
tubular member 1310 in order to optimally fadliate the initiation of the 
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extrusion process and optimally permit the placement of the apparatus in areas 
of the wellbore having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, the upper end portion 1355 of the tubular member 1310 
5 is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular member 1310, In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 materials, the length 
of the tubular member 1310 is preferably limited to between about 40 to 20,000 

10 feet in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any nimiber of conventional commercially available shoes such as, for sample. 
Super Seal II float shoe. Super Seal II Down-Jet float shoe or guide shoe with a 

15 sealing sleeve for a latch-down plug modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the shoe 1315 comprises 
an fll nTnimiTn down-jet guide shoe with a sealing sleeve for a latch-down plug 
available firom Hallibiuiwn Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimally 

20 guide the tubidar member 1310 into the wellbore 1200, optimally fluidicly 
isolate the interior of the tubular member 1310, and optimally permit the 
complete drill out of the shoe 1315 upon the completion of the extrusion and 
cementing operations. 

In a preferred embodiment, the shoe 1315 farther includes one or more 

25 side outlet ports in fluidic commimication with the fluid passage 1330. In this 
manner, the shoe 1315 preferably injects hardenable fluidic sealing material 
into the region outside the shoe 1315 and tubular member 1310, In a preferred 
embodiment, the shoe 1315 includes the fluid passage 1330 having an inlet 
geometry that receive a fluidic sealing member* In this maimer, the fliud 

30 passage 1330 can be sealed off by introducing a plug, dart and/or ball sealing 
elements into the fluid passage 1330. 
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The fluid paasag^ 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 
5 1320 preferably extends £rom a position adjacent to the surface to the bottom of 
the expandable mandrel 1305. The fltdd passage 1320 is preferably positioned 
along a centerline of the apparatus 1300. The fluid passage 1320 is preferably 
selected to transport materials such as cement^ drilling mud, or epoxies at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 

10 psi in order to optimally provide sufficient operating pressures to circulate 
fluids at operationally ef&dent rates. 

The fluid passage 1330 permits fltddic mat^als to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The flmd 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 

15 communication with the interior region 1370 of the tubidar member 1310 below 
the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this 
manner, the interior region 1370 of the tubular member 1310 below the 

20 expandable mandrel 1305 can be fluididy isolated from the region exterior to 
the tubular member 1310. This permits the interior region 1370 of the tubular 
member 1310 below the expandable mandrel 1305 to be pressiuized. The fluid 
passage 1330 is preferably positioned substantially along the centerline of the 
apparatus 1300. 

25 The fluid passage 1330 is preferably selected to convey materials such as 

cement, drilling mud or epoxies at flow rates and pressiures ranging from about 
0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the 
annular region between the tubular memb^ 1310 and the new section 1230 of 
the wellbore 1200 with fluidic materials. In a preferred embodiment, the fluid 

30 passage 1330 includes an inlet geometry that can receive a dart and/or a ball 
sealing member. In this manner, the fluid passage 1330 can be sealed off by 
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introdudBg a plug, dart and/or ball sealing elements into the fluid passage 
1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
5 passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is 
preferably positioned substantiaUy along the centerlihe of the apparatus 1300. 
The fluid passage 1335 is preferably selected to convey mat^als such as 
cement, drilling mud or epoxies at flow rates and pressiures ranging from about 

10 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the 

annular region between the tubular member 1310 and the new section 1230 of 
the wellbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 
1355 of the tubular member 1310. The seals 1340 are further positioned on an 

15 outer surface of the upper end portion 1355 of the tubular member 1310. The 
seals 1340 permit the overlapping joint between the lower end portion of the 
casing 1215 and the upper portion 1355 of the tubtdar member 1310 to be 
fluidicly sealed. The seals 1340 may comprise any number of conventional 
commercially available seals such as, for example, lead, rubber, Teflon, or eposy 

20 seals modified in accordance with the teachings of the present disclosiure. In a 
preferred embodiment, the seals 1340 comprise seals molded firom Stratalock 
epoxy available from Halliburton Energy Services in Dallas, TX in order to 
optunally provide a hydraulic seal in the annulus of the overlapping joint while 
also creating optimal load bearing capability to withstand typical tensile and 

25 compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally 
provide a sufGdent fi:ictional force to support the expanded tubular member 
1310 from the existing casing 1215. In a preferred embodiment, the firictional 
force provided by the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in 

30 order to optimally support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200, In a preferred 
embodiment) the support member 1345 further includes one or more 
conventional centralizers (not illustrated) to help stabilize the tubular member 
5 1310. 

In a preferred embodiment, the support member 1345 is thoroughly 
cleaned prior to assembly to the remaining portions of the apparatus 1300* In 
this manner, ihe introduction of foreign material into the apparatus 1300 is 
miimnized. This minimize the possibility of foreign material clogging the 

10 various flow passages and valves of the apparatus 1300 and to ensure that no 
foreign material interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the Quid passage 1320. The wiper plug 1350 

15 may comprise one or more conventional commercially available wiper plugs 
such as, for example. Multiple Stage Cementer latch*down plugs, Omega latch- 
down plugs or three-wiper latch-down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the wiper plug 
1350 comprises a Multiple Stage Cementer latch-down plug available from 

20 Hallibtu*ton Energy Services in Dallas, TX modified in a conventional manner 
for releasable attachment to the expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 
1300 within the new section 1230 of the wellbore 1200, a couple of wellbore 
voliunes are circulated in order to ensiure that no foreign materials are located 

25 within the wellbore 1200 that might dog up the various flow passages and 
valves of the apparatus 1300 and to ensure that no foreign material interferes 
with the extrusion process. 

As illustrated in Fig. 11c, a hardenable fltudic sealing material 1380 is 
then pumped from a surface location into the fluid passage 1320. The material 

30 1380 then passes firom the fluid passage 1320, through the fluid passage 1375, 
and into the interior region 1370 of the tubular member 1310 below the 
expandable mandrel 1305. The material 1380 then passes from the interior 
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region 1370 into the flxiid passage 1330, The material 1380 then exits the 
apparatus 1300 via the fluid passage 1335 and fills the annular region 1390 
between the exterior of the tubular member 1310 and the interior wall of the 
new section 1230 of the wellbore 1200. Continued pumping of the material 
5 1380 causes the material 1380 to fill up at least a portion of the annular region 
1390. 

The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallons/min, respectively. In a preferred embodiment, the material 1380 
10 is pimiped into the annular region 1390 at pressures and flow rates ranging 
from about 0 to 5000 psi and 0 to 1,500 gallons/min, respectively, in order to 
optimally fill the annular region between the tubular member 1310 and the new 
section 1230 of tiie wellbore 1200 with the hardenable fluidic sealing material 
1380. 

15 The hardenable fluidic sealing material 1380 may comprise any number 

of conventional commercially available hardenable fluidic sealing materials such 
as, for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section being drilled and available from Hallibiurton 

20 Energy Services in order to optimally provide support for the tubular member 
1310 during displacement of the material 1380 in the annular region 1390. The 
optimmn blend of the cement is preferably determined using conventional 
empirical methods. 

The annidar region 1390 preferably is filled with the mat^al 1380 ia 

25 sufficient quantities to ensure that, upon radial expansion of the tubular 

member 1310, the aimular region 1390 of the new section 1230 of the wellbore 
1200 Avill be filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been 
adequately filled with material 1380, a wiper dart 1395, or other similar device, 

30 is introduced into the fluid passage 1320. The wiper dart 1395 is preferably 
pumped through the fluid passage 1320 by a non hardenable fluidic material 
1381. The wiper dart 1395 then preferably engages the wiper plug 1350. 
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As illustrated in Fig* lie, in a prefeared embodiment^ engagement of the 
wiper dart 1395 with the vdper plug 1350 causes the wiper plug 1350 to 
decouple from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 
then preferably will lodge in the fluid passage 1330^ th^eby blocking fluid flow 
5 through the fluid passage 1330, and fluidicly isolating the interior region 1370 
of the tubular member 1310 from the annidar region 1390. In a preferred 
embodiment, the non hardenable fluidic material 1381 is then pumped into the 
interior region 1370 causing the interior region 1370 to pressurize. Once the 
interior region 1370 becomes sufficiently pressurized^ the tubiilar member 1310 

10 is extruded off of the expandable mandrel 1305. During the extrusion process, 
the expandable mandrel 1305 is raised out of the expanded portion of the 
tubular member 1310 by the support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 

15 in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devices from plugging a fluid passage such 
as, for example. Multiple Stage Cementer latch-down plugs. Omega latch-down 
plugs or three wiper latch-down plug/dart modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the wiper dart 

20 1395 comprises a three wiper latch-down plug modified to latch and seal in the 
Multiple Stage Cementer latch down plug 1350. The three wiper latch-down 
plug is available from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and 
wiper dart 1395, the non hardenable fluidic material 1381 may be piunped into 

25 the interior region 1370 at pressiures and flow rates ranging, for example, from 
approximately 0 to 5000 psi and 0 to 1,500 gallons/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amoimt of hardenable fluidic material within the interior of the tubular 
member 1310 is minimized. 

30 In a preferred embodiment, after blocking the fluid passage 1330, the 

non hardenable fluidic material 1381 is preferably pumped into the interior 
region 1370 at pressures and flow rates ranging from approximately 500 to 
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9,000 psi and 40 to 3,000 gaUons/min in order to optimally provide operatiBg 
pressures to ipamtain the expansion process at rates siiffident to permit 
adjustments to be made in operating parameters dxunng the extrusion process. 
For typical tubular members 1310, the extrusion of the tubtilar member 
5 1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximate^ 500 to 9,000 psi. In a 
preferred embodiment, the extrusion of the tubular member 1310 oS of the 
expandable mandrel 1305 is a function of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type of 

10 lubricant, the composition of the shoe and tubular member, and the yield 
strength of the tubular member. The optimum flow rate and operating 
pressures are preferably determined using conventional empirical methods. 

Dtudng the extrusion process, the expandable mandrel 1305 may be 
raised out of the expanded portion of the tubtilar member 1310 at rates 

15 ranging, for example, from about 0 to 5 ft/sec. In a preferred embodiment, 

diuring the extrusion process, the expandable mandrel 1305 may be raised out of 
the expanded portion of the tubidar member 1310 at rates ranging from about 0 
to 2 ft/sec in order to optimally provide an efficient process, optimally permit 
operator adjustment of operation parameters, and ensxire optimal completion of 

20 the extrusion process before ciuring of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is 
extruded off of the expandable mandrel 1305, the outer sturface of the upper end 
portion 1355 of the tubular member 1310 will preferably contact the interior 
siuface of the lower end portion of the casing 1215 to form an fluid tight 

25 overlapping joint The contact pressm-e of the overlapping joint may range, for 
example, from approximately 50 to 20,000 psi. In a preferred embodiment, the 
contact pressure of the overlapping joint ranges from approximately 400 to 
10,000 psi in order to optdmaUy provide contact pressure sufGdent to ensure 
annular sealing and provide enough resistance to withstand typical tensile and 

30 compressive loads. In a partictdarly preferred embodiment, the sealing 
members 1340 will ensure an adequate fluidic and gaseous seal in the 
overlapping joint. 
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In a preferred enibodimenty the bperating pressure and flow rate of the 
non hardenable fluidic material 1381 is controUably ramped down when the 
expandable mandrel 1305 reaches the upper end portion 1355 of the tubular 
member 1310. In this manner, the sudden release of pressure caused by the 
5 complete extrusion of the tubular member 1310 off of the expandable mandrel 
1305 can be mmimized. In a preferred embodiment, the operating pressure is 
reduced in a substantially linear fashion from 100% to about 10% dining the 
end of the extrusion process beginning when the mandrel 1305 has completed 
approximately all but about 5 feet of the extrusion process. 
10 Alternatively, or in combination, a shock absorber is provided in the 

support member 1345 in order to absorb the shock caused by the sudden release 
of pressure. 

Alternatively, or in combination, a mandrel catching structure is 
provided in the upper end portion 1355 of the tubtilar member 1310 in order to 

15 catch or at least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1200, In a preferred embodiment, either before or 
after the removal of the expandable mandrel 1305, the integrity of the fluidic 
seal of the overlapping joint between the upper portion 1355 of the tubular 

20 member 1310 and the lower portion of the casing 1215 is tested using 

conventional methods. If the fluidic seal of the overlapping joint between the 
upper portion 1355 of the tubular member 1310 and the lower portion of the 
casing 1215 is satiisfactory, then the imcured portion of the material 1380 
within the expanded tubular member 1310 is then removed in a conventional 

25 manner. The material 1380 within the annular region 1390 is then allowed to 
cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new 
30 section of casing 1400 includes the expanded tubular member 1310 and an 
outer annular layer 1405 of cured material 305. The bottom portion of the 
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apparatus 1300 comprising the shoe 1315 may then be removed by drilling out 
the shoe 1315 using conventional drilling methods. 

Referring now to Figs. 12 and 13, a preferred embodiment of a Mrellhead 
system 1500 formed using one or more of the apparatus and processes described 
5 above with reference to Figs. 1-llf will be described. The wellhead system 1500 
preferably iucludes a conventional Christmas tree/drilling spool assembly 1505, 
a thick wall casing 1510, an annular body of cement 1515, an outer casing 1520, 
an annular body of cement 1525, an intermediate casing 1530, and an inner 
casing 1535. 

10 The Christmas tree/drilling spool assembly 1505 may comprise any 

number of conventional Christmas tree/drilling spool assembUes such as, for 
example, the SS-15 Subsea Wellhead System, Spool Tree Subsea Production 
System or the Compact Wellhead Sjrstem available from suppliers such as Dril- 
Quip, Cameron or Breda, modified in accordance with the teachings of the 

15 present disclosure. The drilling spool assembly 1505 is preferably operably 
coupled to the thick wall casing 1510 and/or the outer casing 1520. The 
assembly 1505 may be coupled to the thick wall casing 1510 and/or outer casing 
1520, for example, by welding, a threaded connection or made from single stock. 
In a preferred embodiment, the assembly 1505 is coupled to the thick wall 

20 casing 1510 and/or outer casing 1520 by welding. 

The thick wall casing 1510 is positioned in the upper end of a wellbore 
1540. In a preferred embodiment, at least a portion of the thick wall casing 
1510 extends above the surface 1546 in order to optimally provide easy access 
and attachment to the Christmas tree/drilling spool assembly 1505. The thick 

25 wall casing 1510 is preferably coupled to the Christmas tree/drilling spool 
assembly 1505, the annular body of cement 1515, and the outer casing 1520. 

The thick wall casing 1510 may comprise any nimiber of conventional 
commercially available high strengtii wellbore casings such as, for example, 
Oilfield Country Tubular Goods, titaniiun tubing or stainless steel tubing. In a 

30 preferred embodiment, the thick waD casing 1510 comprises Oilfield Country 
Tubular Goods available from various foreign and domestic steel mills. In a 
preferred embodiment, the thick wall casing 1510 has a yield strength of about 
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40,000 to 135,000 psi in order to optimally provide mflyimiiTn buarst, collapse, 
and tensile strengths. In a preferred embodiment, the thick wall casing 1510 
has a failure strength in excess of about 5,000 to 20,000 psi in order to 
optimally provide maximum operating capacity and resistance to degradation of 
5 capacity after being drilled through for an extended time period. 

The annular body of cement 1515 provides support for the thick wall 
casing 1510. The annular body of cement 1515 may be provided using any 
number of conventional processes for forming an annular bo^ of cement in a 
weUbore. The annular body of cement 1515 may comprise any number of 

10 conventional cement mixtures. 

The outer casing 1520 is coupled to the thick wall casing 1510. The outer 
casing 1520 may be fabricated from any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the outer casing 1520 comprises 

15 any one of the expandable tubular members described above with reference to 
Pigs. Hlf. 

In a preferred embodiment, the outer casing 1520 is coupled to the thick 
wall casing 1510 by expanding the outer casing 1520 into contact with at least a 
portion of the interior sturface of the thick wall casing 1510 using any one of the 

20 embodiments of the processes and apparatus described above with reference to 
Figs. 1-llf. In an alternative embodiment, substantial^ all of the overlap of the 
outer casing 1520 with the thick wall casing 1510 contacts with the interior 
surface of the thick wall casing 1510. 

The contact pressing of the interface between the outer casing 1520 and 

25 the thick wall casing 1510 may range, for example, firom about 500 to 10,000 
psi. In a preferred embodiment, the contact pressure between the outer casing 
1520 and the thick wall casing 1510 ranges from about 500 to 10,000 psi in 
order to optimally activate the pressure activated sealing members and to 
ensure that the overlapping joint will optimally withstand typical extremes of 

30 tensile and compressive loads that are experienced during drilling and 
production operations* 
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As illustrated in Fig. 13, in a particularly preferred erobodiment, the 
upper end of the outer casing 1520 includes one or more sealing members 1550 
that provide a gaseotis and fluidic seal between the expanded outer casing 1520 
and the interior wall of the thick wall casing 1510. The seahng members 1550 
5 may comprise any number of conventional commercially available seals such as, 
for example, lead, plastic, rubber. Teflon or epoKy^ modified in accordance with 
the teachings of the present disclosture. In a preferred eixibodiment, the sealing 
members 1550 comprise seals molded from StrataLock epoxy available firom 
HaUiburton Energy Services in order to optimally provide an hydraulic seal and 

10 a load bearing interference fit between the tubular members. In a preferred 
embodiment, the contact pressure of the interface between the thick wall casing 
1510 and the outer casing 1520 ranges from about 500 to 10,000 psi in order to 
optimally activate the sealing members 1550 and also optimaUy ensure that the 
joint will withstand the typical opierating extremes of tensile and compressive 

15 loads diudng drilling and production operations. 

In an alternative preferred embodiment, the outer casing 1520 and the 
thick walled casing 1510 are combined in one unitary member. 

The annular body of cement 1525 provides support for the outer casing 
1520. In a preferred embodiment, the axmular body of cement 1525 is provided 

20 using any one of the embodiments of the apparatus and processes described 
above with reference to Figs. 1-1 If. 

The intermediate casing 1530 may be coupled to the outer casing 1520 or 
the thick wall casing 1510. In a preferred embodiment, the intermediate casing 
1530 is coupled to the thick wall casing 1510. The intermediate casing 1530 

25 may be fabricated from any nimrf)er of conventional commercially available 
tubular members modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the intermediate casing 1530 comprises 
any one of the expandable tubular members described above with reference to 
Pigs. Mlf. 

30 In a preferred embodiment, the intermediate casing 1530 is coupled to 

the thick wall casing 1510 by expanding at least a portion of the intermediate 
casing 1530 into contact with the interior surface of the thick wall casing 1510 
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using any one of the processes and apparatus described above with reference to 
Figs. 1-llf. In an alternative preferred embodiment^ the entire length of the 
overlsq) of the intermediate casing 1530 with the thick wall casing 1510 contacts 
the inner surface of the thick wall casing 1510. The contact pressure of the 
5 interface between the intermediate casing 1530 and the thick wall casing 1510 
may range, for example from about 500 to 10,000 psi. In a preferred 
embodiment^ the contact pressure between the intermediate casing 1530 and 
the thick wall casing 1510 ranges £rom about 500 to 10,000 psi in order to 
optimally activate the pressure activated sealing members and to optimally 

10 ensure that the joint will withstand typical operating extremes of tensile and 
compressive loads experienced during drilling and production operations. 

As lUustrated in Fig. 13, in a particularly preferred embodiment, the 
upper end of the intermediate casing 1530 includes one or more sealing 
members 1560 that provide a gaseous and fluidic seal between tlie expanded 

15 end of the intermediate casing 1530 and the interior wall of the thick wall 
casing 1510. The sealing members 1560 may comprise any number of 
conventional commercially available seals such as, for example, plastic, lead, 
rubber. Teflon or eposy, modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the sealing members 1560 

20 comprise seals molded from StrataLock epo:^ available from Hallibtuton 
Energy Services in order to optimally provide a hydraulic seal and a load 
bearing interference fit between the tubular members. 

In a preferred embodiment, the contact pressure of the interface between 
the expanded end of the intermediate casing 1530 and the thick wall casing 

25 1510 ranges from about 500 to 10,000 psi in order to optimally activate the 
sealing members 1560 and also optimally ensure that the joint will withstand 
typical operating extremes of tensile and compressive loads that are 
experienced during drilling and production operations. 

The inner casing 1535 may be coupled to the outer casing 1520 or the 

30 thick wall casing 1510. In a preferred embodiment, the inner casing 1535 is 
coupled to the thick wall casing 1510. The inner casing 1535 may be fabricated 
from any nmnber of conventional commercially available tubular members 
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modified in accordance with the teachings of the present disclosure. In a 
preferred embodiment, the inner casing 1535 comprises any one of the 
expandable tubular members described above with reference to Figs. 1-llf. 

In a preferred embodiment, the inner casing 1535 is coupled to the outer 
5 casing 1520 by expanding at least a portion of the inner casing 1535 into 
contact with the interior surface of the thick waU casing 1510 using any one of 
the processes and apparatus described above with reference to Figs. 1-llf. In 
an alternative preferred embodiment, the entire length of the overlap of the 
inner casing 1535 with the thick wall casing 1510 and intermediate casing 1530 

10 contacts the inner surfaces of the thick wall casing 1510 and intermediate 
casing 1530. The contact pressure of the interface between the iimer casing 
1535 and the thick wall casing 1510 may range, for example &om about 500 to 
10,000 psi. In a preferred embodiment, the contact pressture between the inner 
casing 1535 and the thick wall casing 1510 ranges from about 500 to 10,000 psi 

16 in order to optimally activate the pressure activated sealing members and to 
ensure that the joint will withstand typical extremes of tensile and compressive 
loads that are commonly experienced during drilling and production operations. 

As illustrated in Fig. 13, in a particularly preferred embodiment, the 
upper end of the inner casing 1535 includes one or more sealing members 1570 

20 that provide a gaseous and fluidic seal between the expanded end of the inner 
casing 1535 and the interior wall of the thick wall casing 1510. The sealing 
members 1570 may comprise any ntunber of conventional commercially 
available seals such as, for example, lead, plastic, rubber. Teflon or epoxy, 
modified in accordance with the teachings of the present disclosure. In a 

25 preferred embodiment, the sealing members 1570 comprise seals molded from 
StrataLock epo^ available from Halliburton Energy Services in order to 
optimally provide an hydraulic seal and a load bearing interference fit. In a 
preferred embodiment, the contact pressure of the interface between the 
expanded end of the inner casing 1535 and the thick wall casing 1510 ranges 

30 from about 500 to 10,000 psi in order to optimally activate the sealing members 
1570 and also to optimally ensure that the joint will withstand typical operating 
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extremes of tensOe and compressive loads that are experienced during drilling 
and production operations. 

In an alternative enabodiment^ the inner casings, 1520, 1530 and 1535, 
may be coupled to a previously positioned tubular member that is in turn 
5 coupled to the outer casing 1510. More generally, the present preferred 
embodiments may be used to form a concentric arrangement of tubular 
members. 

Referring now to Figures 14a, 14b, 14c, 14d, 14e and 14f, a preferred 
embodiment of a method and apparatus for forming a mono-diameter well 

10 casing within a subterranean formation will now be described. 

As illustrated in Fig. 14a, a wellbore 1600 is positioned in a subterranean 
formation 1605. A first section of casing 1610 is formed in the wellbore 1600. 
The first section of casing 1610 includes an anntdar outer bo^ of cement 1615 
and a tubular section of casing 1620. The first section of casing 1610 may be 

15 formed in the wellbore 1600 using conventional methods and apparatus. In a 
preferred embodiment, the first section of casing 1610 is formed using one or 
more of the methods and apparatus described above with reference to Figs. 1-13 
or below with reference to Figs. 14b-17b. 

The annular body of cement 1615 may comprise any nmnber of 

20 conventional commercially available cement, or other load bearing, 

compositions. Alternatively, the body of cement 1615 may be omitted or 
replaced with an epoxy mixture. 

The tubular section of casing 1620 preferably includes an upper end 1625 
and a lower end 1630. Preferably, the lower end 1625 of the tubular section of 

25 casing 1620 includes an outer anntdar recess 1635 extending from the lower 
end 1630 of Hxe tubular section of casing 1620. In this manner, the lower end 
1625 of the tubular section of casing 1620 includes a thin walled section 1640. 
In a preferred embodiment, an annular body 1645 of a compressible material is 
coupled to and at least partially positioned within the outer annular recess 

30 1635. In this maimer, the bo4y of compressible material 1645 siurounds at 
least a portion of the thin walled section 1640. 
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The tubular section of casing 1620 may be fabricated from any number of 
conventional commerdally available materials such as, for example, oilfield 
country tubidar goods, stainless steel, automotive grade steel, carbon steel, low 
alloy steel, fiberglass or plastics. In a preferred embodiment, the tubular 
5 section of casing 1620 is fabricated firom oilfield country tubular goods available 
&om various foreign and domestic steel mills. The wall thickness of the thin 
walled section 1640 may range firom about 0.125 to 1.5 inches. In a preferred 
embodiment, the wall thickness of the thin walled section 1640 ranges firom 
0.25 to 1.0 inches in order to optimally provide biurst strength for typical 

10 operational conditions while also minimizing resistance to radial expansion. 
The axial length of the thin walled section 1640 may range firom about 120 to 
2400 inches. In a preferred embodiment, the axial length of the thin walled 
section 1640 ranges firom about 240 to 480 inches. 

The azmular body of compressible material 1645 helps to minimize the 

15 radial force required to expand the tubular casing 1620 in the overlap with the 
tubular member 1715, helps to create a fliiidic seal in the overlap with the 
tubular member 1715, and helps to create an interference fit sufBdent to 
permit the tubular member 1715 to be supported by the tubular casing 1620. 
The annular body of compressible material 1645 may comprise any number of 

20 commerdalty available compressible materials such as, for example, epoxy, 
rubber, Teflon, plastics or lead tubes. In a preferred embodiment, the annular 
body of compressible material 1645 comprises StrataLock epoxy available firom 
Hallibiurton Energy Services in order to optimally provide an hydraulic seal in 
the overleaped joint while also having compliance to thereby minimize the 

25 radial force required to expand the tubular casing. The wall thickness of the 
fliiniilar body of compressible material 1645 may range fi'om about 0.05 to 0.75 
inches. In a preferred embodiment, the wall thickness of the annular body of 
compressible material 1645 ranges firom about 0.1 to 0.5 inches in order to 
optimally provide a large compressible zone, minimize the radial forces required 

30 to expand the tubular casing, provide thickness for casing strings to provide 
contact with the inner surface of the wellbore upon radial expansion, and 
provide an hydraulic seal. 
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As illustrated in Fig. 14b, in order to extend the weUbore 1600 into the 
subterranean formation 1605, a drill string is used in a well known manner to 
drill out material from the subterranean formation 1605 to farm a new weUbore 
section 1650. The diameter of the new section 1650 is preferably equal to or 
5 greater than the inner diameter of the tubular section of casing 1620. 

As illustrated in Fig. 14c, a preferred embodiment of an apparatus 1700 
for forming a mono-diamet^ weUbore casing in a subtm'anean formation is 
then positioned in the new section 1650 of the weUbore 1600. The apparatus 
1700 preferably includes a support member 1705, an expandable mandrel or pig 
10 1710, a tubtilar member 1715, a shoe 1720, slips 1725, a fluid passage 1730, one 
or more fluid passages 1735, a fluid passage 1740, a first compressible annular 
body 1745, a second compressible annular body 1750, and a pressure chamber 
1755. 

The support member 1705 supports the apparatus 1700 within the 

15 weUbore 1600. The support member 1705 is coupled to the mandrel 1710, the 
tubular member 1715, the shoe 1720, and the sUps 1725. The support member 
1075 preferably comprises a substantiaUy hoUow tubular member. The fluid 
passage 1730 is positioned within the support member 1705. The fluid passages 
1735 fluidicly couple the fluid passage 1730 with the pressure chamber 1755. 

20 The fluid passage 1740 fluidicly couples the fluid passage 1730 with the region 
outside of the apparatus 1700. 

The support member 1705 may be fabricated from any number of 
conventional commerdaUy avaUable materials such as, for example, oilfield 
country tubular goods, stainless steel, low aUoy steel, carbon steel, 13 chromiiun 

25 steel, fiberglass, or other hi^ strength materials. In a preferred enobodiment, 
the support member 1705 is fabricated firom oilfield country tubular goods 
avaUable from various foreign and domestic steel mills in order to optimaUy 
provide operational strength and fadliate the use of other standard oU 
exploration handling equipment. In a preferred embodiment, at least a portion 

30 of the support member 1705 comprises coUed tubing or a driU pipe. In a 
particularly preferred embodiment, the support member 1705 includes a load 
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shoulder 1820 for supporting the mandrel 1710 when the pressure chamber 
1755 is impressurized. 

The mandrel 1710 is supported by and slidingly coupled to the support 
member 1705 and the shoe 1720. The mandrel 1710 preferably includes an 
5 upper portion 1760 and a lower portion 1765. Preferably, the upper portion 
1760 of the mandrel 1710 and the support member 1705 together define the 
pressure chamber 1755, Preferably, the lower portion 1765 of the mandrel 
1710 includes an expansion member 1770 for radially expanding the tubtilar 
member 1715. 

10 In a preferred embodiment, the upper portion 1760 of the mandrel 1710 

includes a tubidar member 1775 having an inner diameter greater than an 
outer diameter of the support member 1705. In this manner, an annular 
pressure chamber 1755 is defined by and positioned between the tubular 
member 1775 and the support member 1705. The top 1780 of the tubular 

15 member 1775 preferably includes a bearing and a seal for sealing and 

supporting the top 1780 of the tubular member 1775 against the outer surface 
of the support member 1705. The bottom 1785 of the tubular member 1775 
preferably includes a bearing and seal for sealing and supporting the bottom 
1785 of the tubular member 1775 against the outer stirface of the support 

20 member 1705 or shoe 1720, In this manner, the mandrel 1710 moves in an 
axial direction upon the pressurizatdon of the pressure chamber 1755. 

The lower portion 1765 of the mandrel 1710 prefi^ably includes an 
expansion member 1770 for radially expanding the tubular member 1715 
during the pressurization of the pressure chamber 1755. In a preferred 

25 embodiment, the expansion member is expandable in the radial direction. In a 
preferred embodiment, the inner surface of the lower portion 1765 of the 
mandrel 1710 mates with and slides with respect to the outer sturface of the 
shoe 1720. The outer diameter of the expansion member 1770 may range &om 
about 90 to 100 % of the inner diameter of the tubular casing 1620. In a 

30 preferred embodiment, the outer diameter of the expansion member 1770 
ranges firom about 95 to 99 % of the inner diameter of the tubular casing 1620. 
The expansion member 1770 may be fabricated from any nimober of 
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conventional conunerdally available materials such as, for example, machine 
tool steel, ceramics, tungsten carbide, titanium or other high strength alloys. In 
a preferred embodiment, the expansion member 1770 is fabricated firom D2 
machine tool steel in ord^ to optimally provide high strength and abrasion 
5 resistance. 

The tubular member 1716 is coupled to and supported by the support 
member 1705 and sUps 1725. The tubtdar member 1715 includes an upper 
portion 1790 and a lower portion 1795. 

The upper portion 1790 of the tubular member 1715 preferably includes 

10 an inner annular recess 1800 that extends from the upper portion 1790 of the 
tubular member 1715. In this manner, at least a portion of the upper portion 
1790 of the tubular member 1715 includes a thin walled section 1805. The first 
compressible annular member 1745 is preferably coupled to and supported by 
the outer surface of the upper portion 1790 of the tubular member 1715 in 

15 opposing relation to the thin wall section 1805. 

The lower portion 1795 of the tubular member 1715 preferably includes 
an outer annular recess 1810 that extends from the lower portion 1790 of the 
tubtdar member 1715. In this manner, at least a portion of the lower portion 
1795 of the tubular member 1715 includes a thin walled section 1815. The 

20 second compressible annular member 1750 is coupled to and at least partially 
supported within the outer annular recess 1810 of the upper portion 1790 of the 
tubular member 1715 in opposing relation to the thin wall section 1815. 

The tubular member 1715 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 

25 country tubular goods, stainless steel, low aUoy steel, carbon steel, automotive 
grade steel, fiberglass, 13 chrome steel, other hi^ strength material, or high 
strength plastics. In a preferred embodiment, the tubular member 1715 is 
fabricated from oilfield country tubtdar goods available from various foreign 
and domestic steel mills in order to optimally provide operational strength. 

30 The shoe 1720 is supported by and coupled to the support member 1705. 

The shoe 1720 preferably comprises a substantially hollow tubular member. In 
a preferred embodiment, the wall thickness of the shoe 1720 is greater than the 
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wall thickness of the support member 1705 in order to optimally provide 
increased radial support to the mandrel 1710. The shoe 1720 may be fabricated 
&om any ntunber of conventional commercially available materials such as, for 
example, oilQeld country tubular goods, stainless steel, automotive grade steel, 
5 low alloy steel, carbon steel, or high strength plastics. In a preferred 

embodiment, the shoe 1720 is fabricated from oilfield countiy tubular goods 
available from various foreign and domestic steel nulls in order to optimally 
provide matching operational strength throughout the apparatus. 

The slips 1725 are coupled to and supported by the support men[iber 

10 1705. The slips 1725 removably support the tubular member 1715. In this 
manner, diuing the radial expansion of the tubular member 1715, the slips 
1725 help to maintain the tubtdar member 1715 in a substantially stationary 
position by preventing upward movement of the tubular member 1715. 

The sUps 1725 may comprise any number of conventional commercially 

15 available sUps such as, for example, RTTS packer tungsten carbide mechanical 
slips, RTTS packer wicker type mechanical slips, or Model 3L retrievable bridge 
plug timgsten carbide upper mechanical slips. In a preferred embodiment, the 
slips 1725 comprise RTTS packer tungsten carbide mechanical sUps available 
from Halliburton Energy Services. In a preferred embodiment, the slips 1725 

20 are adapted to support axial forces ranging from about 0 to 750,000 Ibf. 

The fluid passage 1730 conveys fluidic materials from a surface location 
into the interior of the support member 1705, the pressure chamber 1755, and 
the region exterior of the apparatus 1700. The fluid passage 1730 is fludicly 
coupled to the pressure chamber 1755 by the fluid passages 1735. The fluid 

25 passage 1730 is flmdidy coupled to the region exterior to the apparatus 1700 by 
the fluid passage 1740. 

In a preferred embodiment, the fluid passage 1730 is adapted to convey 
fluidic materials such as, for example, cement, epo^, drilling muds, slag mix, 
water or drilling gasses. In a preferred embodiment, the fluid passage 1730 is 

30 adapted to convey fluidic materials at flow rate and pressiu*es ranging from 
about 0 to 3,000 gaUons/minute and 0 to 9,000 psi. in order to optimally provide 
flow rates and operational pressiures for the radial expansion processes. 
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The fluid passages 1735 convey fluidic material from the fluid passage 
1730 to the pressure chamber 1755. In a preferred embodiment, the fluid 
passage 1735 is adsqpted to convey fluidic materials such as, for example, 
cement, epoxy, drilting muds, water or drilling gasses. In a preferred 
5 embodiment, the fluid passage 1735 is adapted to convey fluidic materials at 
flow rate and pressures ranging from about 0 to 500 gallons/minute and 0 to 
9,000 psi. in order to optimally provide operating pressures and flow rates for 
the various expansion processes. 

The fluid passage 1740 conveys fluidic materials from the fluid passage 
10 1730 to the region exterior to tlie apparatus 1700. In a preferred embodiment, 
the fluid passage 1740 is adapted to convey fluidic materials such as, for 
example, cement, epo^, drilling muds, water or drilling gasses. In a preferred 
embodiment, the fluid passage 1740 is adapted to convey fluidic materials at 
flow rate and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
15 9,000 psi. in order to optimally provide operating pressures and flow rates for 
the varioxis radial expansion processes. 

In a preferred embodiment, the fluid passage 1740 is adapted to receive a 
plug or other similar device for sealing the flixid passage 1740. In this manner, 
the pressure chamber 1755 may be pressiuized. 
20 The first compressible annular body 1745 is coupled to and supported by 

an exterior surface of the upper portion 1790 of the tubular member 1715. In a 
preferred embodiment, the first compressible annular body 1745 is positioned 
in opposing relation to the thin walled section 1805 of the tubular member 
1715. 

25 The first compressible annular body 1745 helps to minimize the radial 

force reqiured to expand the tubular member 1715 in the overlap with the 
tubular casing 1620, helps to create a fluidic seal in the overlap with the tubular 
casing 1620, and helps to create an interference fit sufficient to permit the 
tubular member 1715 to be supported by the tubular casing 1620. The first 

30 compressible annular body 1745 may comprise any niunber of commercially 
available compressible materials such as, for example, epoxy, rubber. Teflon, 
plastics, or hollow lead tubes. In a preferred embodiment, the first 
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compressible annular body 1745 comprises StrataLock epor7 available £rom 
Halliburton Energy Services in order to optimally provide an hydraulic seal, 
and compressibility to minimize the radial expansion force. 

The wall tliickness of the first compressible annular body 1745 may 
5 range £rom about 0.05 to 0.75 inches. In a preferred embodiment, the wall 
thickness of the first compressible annular body 1745 ranges firom about 0.1 to 
0.5 inches in order to optinudly (1) provide a large compressible zone, (2) 
minimize the required radial expansion force, (3) transfer the radial force to the 
tubular casings. As a result, in a preferred embodiment, overall the outer 

10 diameter of the tubular member 1715 is approximately equal to the overall 
inner diameter of the tubtdar member 1620. 

The second compressible annular body 1750 is coupled to and at least 
partially supported within the outer anntdar recess 1810 of the tubtdar member 
1715. In a preferred embodiment, the second compressible annular body 1750 

15 is positioned in opposing relation to the thin walled section 1815 of the tubular 
member 1715. 

The second compressible annular body 1750 helps to minimize the radial 
force reqviired to expand the tubular member 1715 in the overlap with another 
tubular member, helps to create a fluidic seal in the overlap of the tubular 

20 member 1715 with another tubiilar member, and helps to create an interference 
fit sufficient to permit another tubular member to be supported by the tubular 
member 1715. The second compressible annular bo^ 1750 may comprise any 
nimiber of commercially available compressible materials such as, for example, 
epoxy, rubber. Teflon, plastics or hollow lead tubing. In a preferred 

25 embodiment, the first compressible anntilar body 1750 comprises StrataLock 
eposy available firom Halliburton Energy Services in order to optimally provide 
an hydraidic seal in the overlapped joint, and compressibiUty that minimizes 
the radial expansion force. 

The wall thickness of the second compressible annular body 1750 may 

30 range firom about 0.05 to 0.75 inches. In a preferred embodiment, the wall 
thickness of the second compressible aimular body 1750 ranges firom about 0.1 
to 0.5 inches in order to optimally provide a large compressible zone, and 
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minimize the radial force required to expand the tubular member 1715 during 
subsequent radial expansion operations. 

In an alternative embodiment, the outside diameter of the second 
compressible annular body^ 1750 is adapted to provide a seal against the 
5 siuToimding formation thereby eliminating the need for an outer annular body 
of cement. 

The pressure chamber 1755 is fludidy coupled to the fluid passage 1730 
by the fluid passages 1735. The pressure chamber 1755 is preferably adapted to 
receive fluidic n:iaterials such as, for example, drilling muds, water or driUing 

10 gases. In a preferred embodiment, the pressure chamber 1755 is adapted to 
receive fluidic materials at flow rate and pressures ranging from about 0 to 500 
gaUons/minute and 0 to 9,000 psi. in order to optimally provide expansion 
pressure. In a preferred embodiment, dining pressurization of the pressiu*e 
chamb^ 1755, the operating pressure of the pressure chamber ranges from 

15 about 0 to 5,000 psi in order to optimally provide expansion pressure while 
minimizing the possibility of a catastrophic failure due to over pressiurization. 

As illustrated in Fig. 14d, the apparatus 1700 is preferably positioned in 
the wellbore 1600 with the tubular member 1715 positioned in an overlapping 
relationship with the tubular casing 1620. In a particularly preferred 

20 embodiment, the thin waU sections, 1640 and 1805, of the tubular casing 1620 
and tubular member 1725 are positioned in opposing overlapping relation. In 
this manner, the radial expansion of the tubular member 1725 will compress 
the thin wall sections, 1640 and 1805, and annular compressible members, 1645 
and 1745, into intimate contact. 

25 After positioning of the apparatus 1700, a fluidic material 1825 is then 

pumped into the fluid passage 1730* The fluidic material 1825 may comprise 
any nimiber of conventional commercially available mat^als such as, for 
example, water, drilling mud, drilling gas^, cement or eposy. In a preferred 
embodiment, the fluidic material 1825 comprises a hardenable fluidic sealing 

30 material such as, for example, cement in order to provide an outer annular body 
aroxmd the expanded tubidar member 1715. 
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The fliiidic material 1825 may be pumped into the fluid passage 1730 at 
operating pressures and flow rates, for example, ranging from about 0 to 9,000 
psi and 0 to 3,000 gallons/minute. 

The fluidic material 1825 pumped into the fluid passage 1730 passes 
5 through the fluid passage 1740 and outside of the apparatus 1700. The fluidic 
material 1825 fills the annular region 1830 between the outside of the 
apparatus 1700 and the interior walls of the wellbore 1600, 

As illustrated in Fig. 14€, a plug 1835 is then introduced into the fluid 
passage 1730. The plug 1835 lodges in the inlet to the fluid passage 1740 
10 fluidicly isolating and blocking off the fluid passage 1730. 

A fluidic material 1840 is then pumped into the fluid passage 1730. The 
fluidic material 1840 may comprise any nimiber of conventional commercially 
available materials such as, for example, water, drilling mud or drilling gases. 
In a preferred embodiment, the fluidic material 1825 comprises a non- 
15 hardenable fluidic material such as, for example, drilling mud or drilling gases 
in order to optimally provide pressurization of the pressure chamber 1755. 

The fluidic material 1840 may be pumped into the fluid passage 1730 at 
operating pres3iu*es and flow rates ranging, for example, from about 0 to 9,000 
psi and 0 to 500 gaUons/nunute. In a preferred embodiment, the fliddic 
20 material 1840 is pumped into the fluid passage 1730 at operating pr^sxires and 
flow rates ranging from about 500 to 5,000 psi and 0 to 500 gallons/minute in 
order to optimally provide operating pressures and flow rates for radial 
expansion. 

The fluidic material 1840 pumped into the fluid passage 1730 passes 
25 through the fluid passages 1735 and into the pressure chamber 1755. 
Continued pumping of the fluidic material 1840 pressurizes the pressure 
chamber 1755. The pressurization of the pressure chamber 1755 causes the 
mandrel 1710 to move relative to the support meniber 1705 in the direction 
indicated by the arrows 1845. In this manner, the mandrel 1710 wiU cause the 
30 tubular member 1715 to expand in the radial direction. 

Dtiring the radial expansion process, the tubular member 1715 is 
prevented from moving in an upward direction by the slips 1725. A length of 
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the tubular member 1715 is then expanded in the radial direction throu^ the 
pressurization of the pressure chamber 1755. The length of the tubular 
member 1715 that is expanded diiring the expansion process will be 
proportional to the stroke length of the mandrel 1710. Upon the completion of 
5 a stroke, the operating pressure of the pressxn*e chamber 1755 is then reduced 
and the mandrel 1710 drops to it rest position with the tubular member 1715 
supported by the mandrel 1715. The position of the support member 1705 may 
be adjusted throu^out the radial expansion process in order to maintain the 
overlapping relationship between the thin walled sections, 1640 and 1805, of 

10 the tubidar casing 1620 and tubtilar member 1715. The stroking of the 

mandrel 1710 is then repeated, as necessary, until the thin walled section 1805 
of tile tubular member 1715 is expanded into the thin walled section 1640 of the 
tubular casing 1620. 

In a preferred embodiment, during the final stroke of the mandrel 1710, 

15 the slips 1725 are positioned as close as possible to the thin walled section 1805 
of the tubular member 1715 in order minimize slippage between the tubular 
member 1715 and tubular casing 1620 at the end of the radial expansion 
process. Alternatively, or in addition, the outside diameter of the first 
compressive annular member 1745 is selected to ensure sufficient interference 

20 fit with the tubular casing 1620 to prevent axial displacement of the tubular 
member 1715 during the final stroke. Alternatively, or in addition, the outside 
diameter of the second compressive annular body 1750 is large enough to 
provide an interference fit with the inside walls of the wellbore 1600 at an 
earlier point in the radial expansion process so as to prevent further axial 

25 displacement of the tubular member 1715. In this final alternative, the 
interference fit is preferably selected to permit expansion of the tubular 
member 1715 by pulling the mandrel 1710 out of the wellbore 1600, without 
having to pressiuize the pressure chamber 1755. 

During the radial expansion process, the pressurized areas of the 

30 apparatus 1700 are limited to the fluid passages 1730 within the support 
member 1705 and the pressure chamber 1755 within the mandrel 1710. No 
fluid pressure acts directly on the tubular member 1715. This permits the use 
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of operating pressures higher than the tubular member 1715 could normally 
withstand. 

Once the tubular member 1715 has been completely expanded off of the 
mandrel 1710, the support member 1705 and mandrel 1710 are removed from 
5 the wellbore 1600. In a preferred embodiment, the contact pressxire between 
the deformed thin wall sections, 1640 and 1805, and compressible annular 
members, 1645 and 1745, ranges from about 400 to 10,000 psi in order to 
optimally support the tubidar member 1715 using the tubular casing 1620. 

In this manner, the tubular member 1715 is radially expanded into 
10 contact with the tubular casing 1620 by pressurizing the interior of the fluid 
passage 1730 and the pressure chamber 1755. 

As illustrated in Fig. 14f, in a preferred embodiment, once the tubular 
member 1715 is completely expanded in the radial direction by the mandrel 
1710, the support member 1705 and mandrel 1710 are removed from the 
15 wellbore 1600. In a preferred embodiment, the annidar body of hardenable 
fluidic material is then allowed to cure to form a rigid outer annular body 1850. 
In the case where the tubular member 1715 is slotted, the hardenable fluidic 
material will preferably permeate and envelop the expanded tubular member 
1715. 

20 The resulting new section of wellbore casing 1855 includes the expanded 

tubular member 1715 and the rigid outer aimular body 1850. The overlapping 
joint 1860 between the tubular casing 1620 and the expanded tubular member 
1715 includes the deformed thin wall sections, 1640 and 1805, and the 
compressible annular bodies, 1645 and 1745. The inner diameter of the 

25 resisting conibined wellbore casings is substantially constant. In this manner, 
a mono-diameter wellbore casing is formed. This process of expanding 
overlapping tubular members having thin wall end portions with compressible 
annular bodies into contact can be repeated for the entire length of a wellbore. 
In this manner, a mono-diameter wellbore casing can be provided for thoxisands 

30 of feet in a subterranean formation. 

Referring now to Figures 15, 15a and 15b, an embodiment of an 
apparatus 1900 for expanding a tubular member will be described. The 
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apparatus 1900 preferably includes a drillpipe 1905, an innerstring adapter 
1910, a sealing sleeve 1915, an inner sealing mandrel 1920, an upper sealing 
head 1925, a lower sealing head 1930, an outer seaUng mandrel 1935, a load 
mandrel 1940, an expansion cone 1945, a mandrel laimcher 1950, a mechanical 
5 shp body 1955, mechanical slips 1960, drag blocks 1965, casing 1970, and fluid 
passages 1975, 1980, 1985, and 1990. 

The drillpipe 1905 is coupled to the innerstring adapter 1910. During 
operation of the apparatus 1900, the driUpipe 1905 supports the apparatus 
1900. The drillpipe 1905 preferably comprises a substantially hollow tubular 

10 member or members. The drillpipe 1905 may be fabricated from any number of 
conventional commercially available materials such as, for example, oiUQeld 
coimtry tubular drillpipe, fiberglass or coiled tubing. In a preferred 
embodiment, tiie drillpipe 1905 is fabricated from coiled tubing in order to 
faciliate the placement of the apparatus 1900 in non-vertical wellbores. The 

15 drillpipe 1905 may be coupled to the innerstring adapter 1910 using any 
nimiber of conventional commercially available mechanical couplings such as, 
for example, drillpipe connectors, OCTG specialty type box and pin connectors, 
a ratchet-latch type connector or a standard box by pin connector. In a 
preferred embodiment, the driUpipe 1905 is removably coupled to the 

20 innerstring adapter 1910 by a drillpipe connection. 

The drillpipe 1905 preferably includes a fluid passage 1975 that is 
adapted to convey fluidic materials from a siurface location into the fluid 
passage 1980. In a preferred embodiment, the fluid passage 1975 is adapted to 
convey fluidic materials such as, for example, cement, drilling mud, epo^ or 

25 lubricants at operating presstures and flow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gallons/minute. 

The innerstring adapter 1910 is coupled to the drill string 1905 and the 
sealing sleeve 1915. The innerstring adapts 1910 preferably comprises a 
substantially hollow tubular member or members. The innerstring adapter 

30 1910 may be fabricated from any number of conventional commercially 
available materials such as, for example, oil coimtry tubular goods, low alloy 
steel, carbon steel, stainless steel or other high strength materials. In a 
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preferred embodiment, the umerstring adapter 1910 is fabricated from oilfield 
coimtry tubular goods in order to optimally provide mechanical properties that 
closely match those of the drill string 1905. 

The innerstring adapter 1910 may be coupled to the drill string 1906 
5 xising any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connectors, oilfield coimtry tubular goods 
specialty type threaded connectors, ratchet-latch type stab in connector, or a 
standard threaded connection. In a prefOTed embodiment, the innerstring 
adapter 1910 is removably coupled to the drill pipe 1905 by a drillpipe 
10 connection. The innerstring adapter 1910 may be coupled to the sealing sleeve 
1916 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield coimtry tubular 
goods specialty type threaded coimector, ratchet-latch type stab in connectors, 
or a standard threaded connection. In a preferred embodiment, the innerstring 
15 adapter 1910 is removably coupled to the sealing sleeve 1915 by a standard 
threaded connection. 

The innerstring adapter 1910 preferably includes a fluid passage 1980 
that is adapted to convey fluidic materials from the fluid passage 1975 into the 
fluid passage 1985, In a preferred embodiment, the fluid passage 1980 is 
20 adapted to convey fluidic materials such as, for example, cement, drilling mud, 
epoxy, or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 psi and 0 to 3,000 gallons/minute. 

The sealing sleeve 1915 is coupled to the innerstring adapts 1910 and 
the inner sealing mandrel 1920. The sealing sleeve 1915 preferably comprises a 
25 substantially hollow tubular member or members. The sealing sleeve 1915 may 
be fabricated from any nmnber of conventional coromerdally available 
materials such as, for example, oilfield coimtry tubular goods, carbon steel, low 
alloy steel, stainless steel or other high strength materials. In a preferred 
embodiment, the sealing sleeve 1915 is fabricated from oilfield country tubular 
30 goods in order to optimally provide mechanical properties that substantially 
match the remaining components of the apparatus 1900. 
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The sealing sleeve 1915 may be coupled to the iimerstrmg adapter 1910 
using any number of conventional conamerdally available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchetr-latch type stab in connection, or a 
5 standard threaded connection. In a preferred embodiment, the sealing sleeve 
1915 is removably coupled to the innerstring adapter 1910 by a standard 
threaded connection. The sealing sleeve 1915 may be coupled to ihe inner 
sealing mandrel 1920 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield coimtry 
10 tubular goods specialty type threaded connection, or a standard threaded 
connection* In a preferred embodiment, the sealing sleeve 1915 is removably 
coupled to the inner sealing mandrel 1920 by a standard threaded connection. 

The sealing sleeve 1915 preferably includes a fluid passage 1985 that is 
adapted to convey fluidic materials from the fluid passage 1980 into the fluid 
15 passage 1990. In a preferred embodiment, the fluid passage 1985 is adapted to 
convey fluidic materials such as, for example, cement, drilling mud, eposy or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gaUons/minute. 

The inner sealing mandrel 1920 is coupled to the sealing sleeve 1915 and 
20 the lower seating head 1930. The inner sealing mandrel 1920 preferably 
comprises a substantially hollow tubular member or members. The inner 
sealing mandrel 1920 may be fabricated from any ntunber of conventional 
conunercially available materials such as, for example, oilfield country tubular 
goods, stainless steel, low alloy steel, carbon steel or other sinular high strength 
25 materials. In a preferred embodiment, the inner sealing mandrel 1920 is 
fabricated from stainless steel in order to optimally provide mechanical 
properties similar to the other components of the apparatus 1900 while also 
providing a smooth outer siurface to support seals and other moving parts that 
can operate with minimal wear, corrosion and pitting. 
30 The inner sealing mandrel 1920 may be coupled to the sealing sleeve 

1915 using any number of conventional conmnterdally available mechanical 
couplings such as, for example, driUpipe connection, oilfield coimtry tubular 
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goods specialty type threaded coimection, or a standard Uireaded connection . 
In a preferred embodiment^ the inner sealing mandrel 1920 is removably 
coupled to the sealing sleeve 1915 by a standard threaded connections. The 
inner sealing mandrel 1920 may be coupled to the lower sealing head 1930 
5 using any nimiber of conventional conmierciaUy available mechanical couplings 
such as, for example, drillpipe connection, oilfield coimtry tubular goods 
specialty type threaded connection, ratchet-latch type stab in coxmectors or 
standard threaded connections. In a preferred embodiment, the inner sealing 
mandrel 1920 is removably coupled to the lower sealing head 1930 by a 

10 standard threaded coimections connection. 

The inner sealing niumdrel 1920 preferably includes a fluid passage 1990 
that is adapted to convey flxiidic materials from the fluid passage 1985 into the 
fluid passage 1995. In a preferred embodiment, the fluid passage 1990 is 
adapted to convey fluidic materials such as, for example, cement, drilling mud, 

15 epoxy or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 psi and 0 to 3,000 gallons/minute. 

The upper sealing head 1925 is coupled to the outer sealing mandrel 
1935 and the expansion cone 1945. The upper sealing head 1925 is also 
movably coupled to the outer siurface of the inner sealing mandrel 1920 and the 

20 inner surface of the casing 1970. In this manner, the upper sealing head 1925, 
outer sealing mandrel 1935, and the expansion cone 1945 reciprocate in the 
axial direction. The radial clearance between the umer cylindrical surface of 
the upper sealing head 1925 and the outer surface of the inner sealing mandrel 
1920 may range, for example, from about 0.025 to 0.05 inches. In a preferred 

25 embodiment^ the radial clearance between the inn^ cylindrical surface of the 
upper sealing head 1925 and the outer svurface of the inner sealing mandrel 
1920 ranges from about 0.005 to 0.01 inches in order to optimially provide 
clearance for pressure seal placement. The radial clearance between the outer 
cylindrical surface of the upper sealing head 1925 and the inner surface of the 

30 casing 1970 may range, for example, firom about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer cylindrical 
surface of the upper sealing head 1925 and the inner siurface of the casing 1970 
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ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 1945 as the expansion cone 1945 is 
upwardly moved inside the casing 1970. 

The upper scaling head 1925 preferably comprises an annular member 
5 having substantiaUy cylindrical inner and outer surfaces. The upper sealing 
head 1925 may be fabricated firom any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, 
stainless steel, machine tool steel, or similar high strength materials. In a 
preferred embodiment, the upper sealing head 1925 is fabricated from stainless 

10 steel in order to optimally provide high strength and smooth outer smfaces that 
are resistant to wear, galling, corrosion and pitting. 

The inner surface of the upper sealing head 1925 preferably includes one 
or more anniilar sealing members 2000 for sealing the interface between the 
upper sealing head 1925 and the inner sealing mandrel 1920. The sealing 

15 members 2000 may comprise any nimiber of conventional commerdaliy 

available annular sealing members such as, for example, o-rings, poljrpak seals 
or metal spring energized seals. In a preferred embodiment, the sealing 
members 2000 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial motion. 

20 In a preferred embodiment, the upper sealing head 1925 includes a 

shoulder 2005 for supporting the upper sealing head 1925 on the lower sealing 
head 1930. 

The upper sealing head 1925 may be coupled to the outer sealing 
mandrel 1935 using any number of conventional comm^cially available 

25 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 
connections. In a preferred embodiment, the upper sealing head 1925 is 
removably coupled to the outer sealing mandrel 1935 by a standard threaded 
connections. In a preferred embodiment, the mechanical coupling between the 

30 upper sealing head 1925 and the outer sealing mandrel 1935 includes one or 
more sealing members 2010 for fluidicly sealing the interface between the 
upper sealing head 1925 and the outer sealing mandrel 1935. The sealing 
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membears 2010 may comprise any niunber of conventional commercially 
available sealing members such as, for example, o-rings, polsnpak seals or metal 
spring energized seals. In a preferred embodiment, the sealing members 2010 
comprise polj^ak seals available from Parker Seals in order to optimally 
5 provide sealing for a long axial stroking motion* 

The lower sealing head 1930 is coupled to the inner sealing mandrel 1920 
and the load mandrel 1940. The lower sealing head 1930 is also movably 
coupled to the inner surface of the outer sealing mandrel 1935. In this manner, 
the upper sealing head 1925 and outer sealing mandrel 1935 reciprocate in the 

10 axial direction. The radial clearance between the outer surface of the lower 
sealing head 1930 and the inner sxuf ace of the outer sealing mandrel 1935 may 
range, for example, £rom about 0.025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the outer surface of the lower sealing 
head 1930 and the inner surface of the outer sealing mandrel 1935 ranges from 

15 about 0.006 to 0.010 inches in order to optimally provide a close tolerance 
having room for the installation of pressure seal rings. 

The lower sealing head 1930 preferably comprises an annular member 
having substantially cylindrical inner and outer siufaces. The lower sealing 
head 1930 may be fabricated from any number of conventional commercially 

20 available materials such as, for example, oilfield country tubvdar goods, 

stainless steel, machine tool steel or other similar high strength materials. In a 
preferred embodiment, the lower sealing head 1930 is fabricated from stainless 
steel in order to optimally provide high strength and resistance to wear, galling, 
corrosion, and pitting. 

25 The outer siurface of the lower sealing head 1930 preferably includes one 

or more annular sealing members 2015 for sealing the interface between the 
lower sealing head 1930 and the outer sealing mandrel 1935. The sealing 
members 2015 may comprise any number of conventional commercially 
available aimiilar sealing members such as, for example, o-rings, polypak seals, 

30 or metal spring energized seals. In a preferred embodiment, the sealing 

members 2015 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 
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The lower sealing head 1930 may be coupled to the inner sealing mandrel 
1920 using any number of conventional commercially available mechanical 
couplings such as, for example, driUpipe connection^ oilfield cotmtry tubular 
goods specialty type threaded connection, welding, amorphous bonding or a 
5 standard threaded coimection. In a preferred embodiment, the lower sealing 
head 1930 is removably coupled to the inner sealing mandrel 1920 by a 
standard threaded connection. 

In a preferred embodiment, the mechanical coupling between the lower 
sealing head 1930 and the loner sealing mandrel 1920 includes one or more 

10 sealing members 2020 for fluididy sealing the interface between the lower 
sealing head 1930 and the iimer sealing mandrel 1920* The sealing members 
2020 may comprise any niunber of conventional commercially available sealing 
members such as, for example, o-rings, polypak seals, or metal spring energized 
seals. In a preferred embodiment, the sealing members 2020 comprise polypak 

15 seals available from Parker Seals in order to optimally provide sealing for a long 
axial motion. 

The lower sealing head 1930 may be coupled to the load mandrel 1940 
using any nimiber of conventional commercially available mechanical couplings 
such as, for example, driUpipe connection, oilfield cotmtry tubular goods 

20 specialty type threaded connections, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the lower sealing head 1930 
is removably coupled to the load mandrel 1940 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
lower sealing head 1930 and the load mandrel 1940 includes one or more 

25 sealing members 2025 for fluididy sealing the interface between the lower 
sealing head 1930 and the load mandrel 1940. The sealing members 2025 may 
comprise any number of conventional commercially available sealing members 
such as, for example, o*rings, polypak seals, or metal spring energized seals. In 
a preferred embodiment, the sealing members 2025 comprise polypak seals 

30 available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 
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In a preferred embodiment^ the lower sealing head 1930 includes a throat 
passage 2040 fluididy coupled between the fluid passages 1990 and 1995. The 
throat passage 2040 is preferably of reduced size and is adapted to receive and 
engage with a plug 2045, or other similar device. In this manner, the fluid 
5 passage 1990 is fluidicly isolated from the fluid passage 1995. In this manner, 
the pressiue chamber 2030 is pressmized. 

The outer sealing mandrel 1935 is coupled to the upper sealing head 
1925 and the expansion cone 1945. The outer sealing mandrel 1935 is also 
movably coupled to the inner surface of the casing 1970 and the outer surface of 

10 the lower sealing head 1930. In this manner, the upper sealing head 1925, 
outCT sealing mandrel 1936, and the expansion cone 1945 reciprocate in the 
axial direction. The radial clearance between the outer surf ace of the outer 
sealmg mandrel 1935 and the iimer surface of the casing 1970 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 

15 radial clearance between the outer surface of the outer sealing mandrel 1935 
and the inner surface of the casing 1970 ranges from about 0.025 to 0.125 
inches in order to optimally provide maximum piston surface area to maximize 
the radial expansion force. The radial clearance between the inner surface of 
the outer sealing mandrel 1935 and the outer surface of the lower sealing head 

20 1930 may range, for example, from about 0.025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the inner surface of the outer sealing 
mandrel 1935 and the outer surface of the lower sealing head 1930 ranges from 
about 0.005 to 0.010 inches in order to optimally provide a minimum gap for the 
sealing elements to bridge and seal. 

25 The outer sealing mandrel 1935 preferably comprises an annular 

member having substantially cylindrical inner and outer surfaces. The outer 
sealing mandrel 1935 may be fabricated from any number of conventional 
commercially available materials such as, for example, low aUoy steel, carbon 
steel, 13 chromium steel or stainless steel. In a preferred embodiment, the 

30 outer sealing mandrel 1935 is fabricated from stainless steel in order to 

optimally provide TTiflYiTmim strength and minimum waU thickness while also 
providing resistance to corrosion, galling and pitting. 
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The outer sealing mandrel 1935 may be coupled to the upper sealing 
head 1925 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubiilar 
goods specialty type threaded connection, standard threaded connections, or 
5 welding. In a preferred embodiment, the outer sealing mandrel 1935 is 
removably coupled to the upper sealing head 1925 by a standard threaded 
connections connection. The outer sealing mandrel 1935 may be coupled to the 
expansion cone 1945 using any number of conventional commercial^ available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 

10 tubular goods specialty type threaded connection, or a standard threaded 
connections connection, or welding. In a preferred embodiment, the outer 
sealing mandrel 1935 is removably coupled to the expansion cone 1945 by a 
standard threaded cozmections connection. 

The upper sealing head 1925, the lower sealing head 1930, the inner 

15 sealing mandrel 1920, and the outer sealing mandrel 1935 together define a 
pressure chamber 2030. The pressure chamber 2030 is fluidicly coupled to the 
passage 1990 via one or more passages 2035. During operation of the apparatus 
1900, the plug 2045 engages with the throat passage 2040 to fluidicly isolate the 
fluid passage 1990 firom the fluid passage 1995. The pressiu^ chaixiber 2030 is 

20 then pressurized whidi in turn causes the upper sealing head 1925, outer 
sealing mandrel 1935, and expansion cone 1945 to redprocate in the axial 
direction. The axial motion of the expansion cone 1945 in turn expands the 
casing 1970 in the radial direction. 

The load mandrel 1940 is coupled to the lower sealing head 1930 and the 

25 mechanical slip body 1955. The load mandrel 1940 preferably comprises an 
annular member having substantially cylindrical inner and outer surfaces. The 
load mandrel 1940 may be fabricated &om any number of conventional 
commercially available materials such as, for example, oilfield coimtry tubular 
goods, low aUoy steel, carbon steel, stainless steel or other similar high strength 

30 materials. In a preferred embodiment, the load mandrel 1940 is fabricated from 
oilfield country tubtilar goods in order to optimally provide high strength. 
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The load mandrel 1940 may be coupled to the lower sealing head 1930 
using any number of conventional commercially available mechanical couplings 
such aa, for example, drillpipe connection^ oilfield country tubular goods 
specialty type threaded connection, welding, amorphous bonding or a standard 
5 threaded connection. In a preferred embodiment, the load mandrel 1940 is 
removably coupled to the lower sealing head 1930 by a standard threaded 
connection* The load mandrel 1940 may be coupled to the mechanical slip body 
1955 using any number of conventional commercially available mechanical 
couplings such as, for example, a drillpipe connection, oilfield coimtry tubular 

10 goods specialty type threaded connections, welding, amorphous bonding, or a 
standard threaded connections connection. In a preferred embodiment, the 
load mandrel 1940 is removably coupled to the mechanical slip body 1955 by a 
standard threaded connections connection. 

The load mandrel 1940 preferably includes a fluid passage 1995 that is 

15 adapted to convey fluidic materials firom the fluid passage 1990 to the region 
outside of the apparatus 1900. In a preferred embodiment, the fluid passage 
1995 is adapted to convey fltiidic materials such as, for example, cement, epoxy, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

20 The expansion cone 1945 is coupled to the outer sealing mandrel 1935. 

The expansion cone 1945 is also movably coupled to the inner surface of the 
casing 1970. In this manner, the upper sealing head 1925, outer sealing 
mandrel 1935, and the expansion cone 1945 reciprocate in the axial direction. 
The reciprocation of the expansion cone 1945 causes the casing 1970 to expand 

25 in the radial direction. 

The expansion cone 1945 preferably comprises an annular member 
having substantially cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radiiis of the outside conical 

30 sirrface ranges firom about 3 to 28 inches in order to optimally provide cone 
dimensions for the typical range of tubular members. 
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The axial length of the expaBsion cone 1945 may range, for example, 
from about 2 to 8 tones the largest outer diameter of the expansion cone 1945. 
In a preferred embodiment, the axial length of the expansion cone 1945 ranges 
from about 3 to 5 times the largest outer diameter of the expansion cone 1945 
5 in order to optimally provide stabiUty and centralization of the expansion cone 
1945 during the ^pansion process. In a preferred embodiment, the angle of 
attack of the expansion cone 1945 ranges from about 5 to 30 degrees in order to 
optimally balance friction forces with the desired amount of radial expansion. 
The expansion cone 1945 an^e of attack ^vill vary as a function of the operating 

10 parameters of the paiticular expansion operation. 

The expansion cone 1945 may be fabricated from any number of 
conventional commercially available materials such as, for example, machine 
tool steel, ceramics, tungsten carbide, nitride steel, or other similar high 
strength materials. In a preferred embodiment, the expansion cone 1945 is 

15 fabricated from D2 machine tool steel in order to optunally provide high 
strength and resistance to corrosion, wear, galling, and pitting. In a 
particularly preferred embodiment, the outside surface of the expansion cone 
1945 has a surface hardness ranging from about 58 to 62 Rockwell C in order to 
optimally provide hi^ strength and resist wear and galling. 

20 The expansion cone 1945 may be coupled to the outside sealing mandrel 

1935 using any nimiber of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield tubular coimtry 
goods specialty type threaded connection, welding, amorphous bonding, or a 
standard threaded connections connection. In a preferred embodiment, the 

25 expansion cone 1945 is coupled to the outside sealing mandrel 1935 using a 
standard threaded connections connection in order to optimally provide 
connector strength for the typical operating loading conditions while also 
permitting easy replacement of the expansion cone 1945. 

The mandrel launcher 1950 is coupled to the casing 1970. The mandrel 

30 launcher 1950 comprises a tubular section of casing having a reduced wall 
thickness compared to the casing 1970. In a preferred embodiment, the wall 
thickness of the mandrel laimcher is about 50 to 100 % of the wall thickness of 
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the casing 1970. In this manner, the initiation of the radial e:q>ansion of the 
casing 1970 is facilitated^ and the insertion of the larger outside diameter 
mandrel laimcher 1950 into the wellbore and/or casing is facilitated. 

The mandrel lamicher 1950 may be coupled to the casing 1970 using any 
5 number of conventional mechanical couplings. The mandrel launcher 1950 may 
have a waU thickness ranging, for example, from about 0.15 to 1.5 inches. In a 
preferred embodiment, the wall thickness of the mandrel launcher 1950 ranges 
from about 0.25 to 0.75 inches in order to optimally provide high strength with 
a small overall profile. The mandrel launcher 1950 may be fabricated from any 

10 number of conventional conmi^dally available materials such as, for example, 
oil field tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the mandrel 
latmcher 1950 is fabricated from oil field tubular goods of hi^er strength but 
lower wall thickness than the casing 1970 in order to optimally provide a thin 

15 walled container with approximately the same burst strength as the casing 
1970. 

The mechanical slip body 1955 is coupled to the load mandrel 1970, the 
mechanical slips 1960, and the drag blocks 1965. The mechanical slip body 
1955 preferably comprises a tubular member having an inner passage 2050 

20 fluidicly coupled to the passage 1995. In this manner, fluidic materials may be 
conveyed from the passage 2050 to a region outside of the apparatus 1900. 

The mechanical slip body 1955 may be coupled to the load mandrel 1940 
using any number of conventional mechanical couplings. In a preferred 
embodiment, the mechanical slip body 1955 is removably coupled to the load 

25 mandrel 1940 using a standard threaded connection in order to optimally 
provide high strength and permit the mechanical slip body 1955 to be easily 
replaced. The mechanical slip body 1955 may be coupled to the mechanical 
sUps 1955 using any number of conventional mechanical couplings. In a 
preferred embodiment, the mechanical slip body 1955 is removably coupled to 

30 the mechanical slips 1955 using threads and sliding steel retainer rings in order 
to optimally provide hi^^ strength coupling and also permit easy replacement of 
the mechanical slips 1955. The mechanical slip body 1955 may be coupled to 
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the drag blocks 1965 using any number of conventional mechanical couplings. 
In a preferred embodiment, the mechanical slip body 1955 is removably coupled 
to the drag blocks 1965 using 1iu*eaded connections and sliding steel retainer 
rings in order to optimally provide high strength and also permit easy 
5 replacement of the drag blocks 1965, 

The mechanical slips 1960 are coupled to the outside siuface of the 
mechanical slip bo^y 1955. During operation of the apparatus 1900, the 
mechanical slips 1960 prevent upward movement of the casing 1970 and 
mandrel launcher 1950. In this manner, during the axial reciprocation of the 

10 expansion cone 1945, the casing 1970 and mandrel launcher 1950 are 

maintained in a substantially stationary position. In this manner, the mandrel 
laimcher 1950 and casing 1970 are expanded in the radial direction by the axial 
movement of the expansion cone 1945. 

The mechanical slips 1960 may comprise any munber of conventional 

15 commerdaUy available mechanical slips such as, for example, RTTS packer 
tungsten carbide mechanical shps, RTTS packer wicker type mechanical slips or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. In a 
preferred embodiment, the mechanical shps 1960 comprise RTTS packer 
tungsten carbide mechanical slips available from Halliburton Energy Services 

20 in order to optimally provide resistance to axial movement of the casing 1970 
dmring the expansion process. 

The drag blocks 1965 are coupled to the outside surface of the 
mechanical slip hody 1955. During operation of the apparatus 1900, the drag 
blocks 1965 prevent upward movement of the casing 1970 and mandrel 

25 launcher 1950. In this manner, dming the axial reciprocation of the expansion 
cone 1945, the casing 1970 and mandrel launcher 1950 are maintained in a 
substantially stationary position. In this manner, the mandrel laimcher 1950 
and casing 1970 are expanded in the radial direction by the axial movement of 
the expansion cone 1945. 

30 The drag blocks 1965 may comprise any nimiber of conventional 

commercially available mechanical slips such as, for example, RTTS packer 
tun^ten carbide mechanical slips, RTTS packer wicker type mechanical slips or 
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Model SL retrievable bridge plug tungsten carbide upper mechanical slips. In a 
preferred embodiment, the drag blocks 1965 comprise RTTS packer tungsten 
carbide mechanical slips available from Halliburton Energy Services in order to 
optimally provide resistance to axial movement of the casing 1970 during the 
5 expansion process. 

The casing 1970 is coupled to the mandrel laimcher 1950. The casing 
1970 is further removably coupled to the mechanical slips 1960 and drag blocks 
1965. The casing 1970 preferably comprises a tubtdar member. The casing 
1970 may be fabricated from any number of conventional commercially 

10 available materials such as, for example, slotted tubulars, oil field country 
tubular goods, low alloy steel, carbon steel, stainless steel or oUier similar high 
strength materials. In a preferred embodiment, the casing 1970 is fabricated 
from oilfield country tubular goods available from various foreign and domestic 
steel mills in order to optimally provide high strength. In a preferred 

15 embodiment, the upper end of the casing 1970 includes one or more sealing 
members positioned about the exterior of the casing 1970. 

During operation, the apparatus 1900 is positioned in a weUbore with the 
upper end of the casing 1970 positioned in an overlapping relationship within 
an existing wellbore casing. In order minimize stirge pressures within the 

20 borehole dining placement of the apparatus 1900, the fluid passage 1975 is 
preferably provided with one or more pressiire relief passages. During the 
placement of the apparatus 1900 in the wellbore, the casing 1970 is supported 
by the expansion cone 1945. 

After positioning of the apparatus 1900 within the bore hole in an 

25 overlapping relationship with an existing section of wellbore casing, a first 
fluidic material is pumped into the fluid passage 1975 from a surface location. 
The first fluidic material is conveyed from the fluid passage 1975 to the fluid 
passages 1980, 1985, 1990, 1995, and 2050. The first fluidic material will then 
exit the apparatus and fill the annular region between the outside of the 

30 apparatus 1900 and the interior walls of the bore hole. 

The first fluidic material may comprise any number of conventional 
commercially available materials such as, for example, drilling mud, water, 
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epo^ or cement. In a preferred embodiment, the first fliudic material 
comprises a hardenable fluidic sealing material such as, for example, cement or 
epoxy. In this manner, a wellbore casing having an outer annular layer of a 
hardenable material may be formed. 
5 The first fliudic material may be pimiped into the apparatus 1900 at 

operating pressures and flow rates ranging, for example, firom about 0 to 4,500 
psi, and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidic 
material is ptunped into the apparatus 1900 at operating pressures and flow 
rates ranging from about 0 to 4,500 psi and 0 to 3,000 gallons/minute in order 
10 to optimally proAdde operating pressures and flow rates for typical operating 
conditions. 

At a predetermined point in the injection of the first fluidic material such 
as, for example, after the annular region outside of the apparatus 1900 has been 
filled to a predetermined level, a plug 2045, dart, or other similar device is 
15 introduced into the first fluidic material. The plug 2045 lodges in the throat 
passage 2040 thereby fluidicly isolating the fluid passage 1990 firom the fluid 
passage 1995. 

Afl^r placement of the plug 2045 in the throat passage 2040, a second 
fluidic material is piunped into the fluid passage 1975 in order to pressurize the 

20 pressing chamber 2030. The second fluidic material may comprise any nmnber 
of conventional commercially available materials such as, for example, water, 
drilling gases, drilling mud or lubricant. In a preferred embodiment, the second 
fluidic material comprises a non-hardenable fluidic material such as, for 
example, water, drilling mud or lubricant in order minimize firictional forces. 

25 The second fluidic roaterial may be pumped into the apparatus 1900 at 

operating pressures and flow rates ranging, for example, firom about 0 to 4,500 
psi and 0 to 4,500 gallons/minute. In a prefmred embodiment, the second 
fluidic material is ptunped into the apparatus 1900 at operating pressiures and 
flow rates ranging firom about 0 to 3,500 psi, and 0 to 1,200 gallons/minute in 

30 order to optimally provide expansion of the casing 1970, 

The pressturization of the pressxure chamber 2030 causes the upper 
sealing head 1925, outer sealing mandrel 1935, and expansion cone 1945 to 
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move in an axial direction* As the expansion cone 1945 moves in the aadal 
direction, the expansion cone 1945 pulls the mandrel launcher 1950 and drag 
blocks 1965 along, which sets the mechanical slips 1960 and stops further axial 
movement of the mandrel launcher 1950 and casing 1970. In this manner, the 
5 axial movement of the expansion cone 1945 radially expands the mandrel 
launcher 1950 and casing 1970. 

Once the upper sealing head 1925, outer sealing mandrel 1935, and 
expansion cone 1945 complete an axial stroke, the operating pressure of the 
second fluidic material is reduced and the drill string 1905 is raised. This 

10 causes the inner sealing mandrel 1920, lower sealing head 1930, load mandrel 
1940, and mechanical slip body 1955 to move upward. This unsets the 
mechanical sUps 1960 and permits the mechanical slips 1960 and drag blocks 
1965 to be moved upward within the mandrel launcher and casing 1970. When 
the lower sealing head 1930 contacts the upper sealing head 1925, the second 

15 fluidic material is again pressurized and the radial expansion process continues. 
In this manner, the mandrel laimcher 1950 and casing 1970 are radial expanded 
through repeated axial strokes of the upper sealing head 1925, outer sealing 
mandrel 1935 and expansion cone 1945. Throughput the radial expansion 
process, the upper end of the casing 1970 is preferably maintained in an 

20 overlapping relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 
1970 is expanded into intimate contact with the inside surface of the lower end 
of the existing wellbore casing. In a preferred embodiment, the sealing 
members provided at the upper end of the casing 1970 provide a fluidic seal 

25 between the outside surface of the upper end of the casing 1970 and the inside 
surface of the lower end of the existing wellbore casing. In a preferred 
embodiment, the contact pressure between the casing 1970 and the existing 
section of wellbore casing ranges from about 400 to 10,000 psi in order to 
optimally provide contact pressure for activating sealing members, provide 

30 optimal resistance to axial movement of the expanded casing 1970, and 
optimally support typical tensile and compressive loads. 
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In a preferred embodiment^ as the expansion cone 1945 nears the end of 
the casing 1970, the operating flow rate of the second fluidic material is reduced 
in order to minimize shock to the apparatus 1900. In an alternative 
embodiment, the apparatus 1900 includes a shock absorber for absorbing the 
5 shock created by the completion of the radial expansion of the casing 1970« 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the esxpansion cone 1945 
nears the end of the casing 1970 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 1945. In a preferred embodiment, 

10 the operating pressiure of the second fluidic material is reduced during the 
return stroke of the apparatus 1900 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 1945. In a 
preferred embodiment, the stroke length of the apparatus 1900 ranges from 
about 10 to 45 feet in order to optimally provide equipment lengths that can be 

15 handled by typical oil well rigging equipment while also minimizing the 

frequency at which the expansion cone 1945 must be stopped so the apparatus 
1900 can be re-stroked for further expansion operations. 

In an alternative embodiment, at least a portion of the upper sealing 
head 1925 includes an expansion cone for radially expanding the mandrel 

20 launcher 1950 and casing 1970 during operation of the apparatus 1900 in order 
to increase the siuface area of the casing 1970 acted upon during the radial 
expansion process. In this manner, the operating pressures can be reduced. 

In an alternative embodiment, mechanical slips are positioned in an axial 
location between the sealing sleeve 1915 and the inner sealing mandrel 1920 in 

25 order to simplify the operation and assembly of the i^paratus 1900. 

Upon the complete radial expansion of the casing 1970, if applicable, the 
first fluidic material is permitted to ciu-e within the annnlay region between the 
outside of the expanded casing 1970 and the interior walla of the wellbore. In 
the case where the expanded casing 1970 is slotted, the cured fluidic material 

30 will preferably permeate and envelop the expanded casing. In this manner, a 
new section of wellbore casing is formed within a weUbore. Alternatively, the 
apparatus 1900 may be used to join a first section of pipeline to an existing 
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section of pipeline. Alternatively, the apparatus 1900 may be used to directly 
line the interior of a wellbore witli a casing, without the use of an outer annular 
layer of a hardenable material. Alternatively, the apparatus 1900 may be nsed 
to expand a tubular support member in a hole. 
5 During the radial expansion process, the pressurized areas of the 

apparatus 1900 are limited to the fluid passages 1975, 1980, 1985, and 1990, 
and the presstnre chamber 2030. No fluid pressure acts directly on the mandrel 
launcher 1950 and casing 1970. This permits the use of operating pressvires 
higher than the mandrel launcher 1950 and casing 1970 could normally 
10 vnthstand. 

Referring now to Figure 16, a preferred embodiment of an apparatus 
2100 for forming a mono-diameter wellbore casing will be described. The 
apparatus 2100 preferably includes a drillpipe 2105, an innerstring adapter 
2110, a sealing sleeve 2115, an inner sealing mandrel 2120, slips 2125, upper 

15 sealing head 2130, lower sealing head 2135, outer sealing mandrel 2140, load 
mandrel 2145, expansion cone 2150, and casing 2155. 

The drillpipe 2105 is coupled to the innerstring adapter 2110. During 
operation of the apparatus 2100, the drillpipe 2105 supports the apparatus 
2100. The driUpipe 2105 preferably comprises a substantially hollow tubidar 

20 member or members. The drillpipe 2105 may be fabricated from any munber of 
conventional commerdaliy available materials such as, for example, oilfield 
coimtry tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength material. In a preferred embodiment, the driUpipe 2105 is 
fabricated from coiled tubing in order to fadliate the placement of the 

25 apparatus 1900 in non-vertical wellbores. The drillpipe 2105 may be coupled to 
the iimerstring adapter 2110 using any nxunber of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specialty type threaded connection, ratchet-latch 
type connection, or a standard threaded connection. In a preferred 

30 embodiment, the drillpipe 2105 is removably coupled to the iimerstring adapter 
2110 by a drill pipe connection. 
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The drillpipe 2105 preferably includes a fluid passage 2160 that is 
adapted to convey fluidic materials from a surface location into the fluid 
passage 2165. In a preferred embodiment, the fluid passage 2160 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling 
5 mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute. 

The innerstring adapter 2110 is coupled to the drill string 2105 and the 
sealing sleeve 2115. The innerstring adapter 2110 preferably comprises a 
substantially hollow tubular member or members. The innerstring adapter 

10 2110 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield cotmtry tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the innerstring adapter 2110 is fabricated from 
stainless steel in ord^ to optimally provide high strength, low friction, and 

15 resistance to corrosion and wear. 

The innerstring adapter 2110 may be coupled to the driQ string 2105 
using any number of conventional conunerdally available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
specialty lype threaded connection, ratchet-latch type connection or a standard 

20 threaded connection. In a preferred embodiment, the innerstring adapter 2110 
is removably coupled to the drill pipe 2105 by a drillpipe coimection. The 
innerstring adapter 2110 may be coupled to the sealing sleeve 2115 using any 
niunber of conventional conmierdally available mechanical couplings such as, 
for example, drillpipe connection, oilfield country tubular goods specialty type 

25 threaded connection, ratchet-latch type threaded connection, or a standard 
threaded connection. In a preferred embodiment, the innerstring adapter 2110 
is removably coupled to the sealing sleeve 2115 by a standard threaded 
connection. 

The innerstring adapter 2110 preferably includes a fluid passage 2165 
30 that is adapted to convey fluidic materials from the fluid passage 2160 into the 
fluid passage 2170. In a preferred embodiment, the fluid passage 2165 is 
adapted to convey fluidic materiab such as, for example, cement, epo^, water 

-113- 



25791^3.02 



drilUng muds, or lubricants at operating pressures and flow rates ranging £rom 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The sealing sleeve 2115 is coupled to the innerstring adapter 2110 and 
the inner sealing mandrel 2120. The sealing sleeve 2115 preferably comprises a 
5 substantially hollovtr tubular member or members. The sealing sleeve 2115 may 
be fabricated from any number of conventional commercially available 
materials such as, for example, oil jBeld tubular goods, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the sealing sleeve 2115 is fabricated from stainless steel in order 

10 to optimally provide high strength, low friction surfaces, and resistance to 
corrosion, wear, galling, and pitting. 

The sealing sleeve 2115 may be coupled to the innerstring adapter 2110 
using any number of conventional commercially available mechanical couplings 
such as, for example, a standard threaded connection, oilfield country tubular 

15 goods specialty type threaded connections, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the sealing sleeve 
2115 is removably coupled to the innerstring adapter 2110 by a standard 
threaded connection. The sealing sleeve 2115 may be coupled to the inner 
sealing mandrel 2120 using any nxunber of conventional commercially available 

20 mechanical couplings such as, for example, a standard threaded connection, 
oilBeld cotmtry tubular goods specialty type threaded connections, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the sealing sleeve 2115 is removably coupled to the inner sealing 
mandrel 2120 by a standard threaded connection. 

25 The sealing sleeve 2115 preferably includes a fluid passage 2170 that is 

adapted to convey fluidic materials from the fliiid passage 2165 into the fluid 
passage 2175. In a preferred embodiment, the fluid passage 2170 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling 
mud, or lubricants at operating pressures and flow rates ranging from about 0 

30 to 9,000 psi and 0 to 3,000 gallons/minute. 

The inner sealing mandrel 2120 is coupled to the sealing sleeve 2115, 
slips 2125, and the lower sealing head 2135, The inner sealing mandrel 2120 
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preferably comprises a substantially hbliow tubtilaf member or members. The 
iimer sealing mandrel 2120 may be fabricated from any mmiber of conventibnal 
commercially available materials such as, for example, oilfield coimtry tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
5 materials. In a preferred embodiment, the inner sealing mandrel 2120 is 
fabricated from stainless steel in order to optimally provide hi^ strength, low 
friction surfaces, and coirosion and wear resistance. 

The inner sealing mandrel 2120 may be coupled to the sealing sleeve 
2115 using any nxunber of conventional commercially available mechanical 

10 couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, or a standard threaded connection. 
In a preferred embodiment, the inner sealing mandrel 2120 is removably 
coupled to the sealing sleeve 2115 by a standard threaded connection. The 
standard threaded connection provides high strength and permits easy 

15 replacement of components. The inner sealing mandrel 2120 may be coupled to 
the slips 2125 using any number of conventional commercially available 
mechanical couplings such as, for example, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the inner sealing 
mandrel 2120 is removably coupled to the slips 2125 by a standard tbreaded 

20 connection. The inner sealing mandrel 2120 may be coupled to the lower 
sealing head 2135 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield coimtry 
tubular goods specialty type threaded connection, welding, amorphous bonding 
or a standard threaded connection. In a preferred embodiment, the inner 

25 sealing mandrel 2120 is removably coupled to the lower sealing head 2135 by a 
standard threaded connection. 

The inner sealing mandrel 2120 preferably includes a fluid passage 2175 
that is adapted to convey fluidic materials from the fluid passage 2170 into the 
fltiid passage 2180. In a preferred embodiment, the fluid passage 2175 is 

30 adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 
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The slips 2125 are coupled to the outer surface of the inner sealing 
mandrel 2120. During operation of the apparatus 2100, the slips 2125 
preferably m^iv^^^^^ the casing 2155 in a substantially stationary position 
dtiring the radial expansion of the casing 2155. In a preferred embodiment, the 
5 shps 2125 are activated using the fluid passages 2185 to convey pressurized 
fluid material into the slips 2125. 

The sUps 2125 may comprise any number of commercially available 
hydraulic slips such as, for example, RTTS packer tungsten carbide hydrauhc 
slips or Model 3L retrievable bridge plug hydraulic slips. In a preferred 

10 embodiment, the shps 2125 comprise RTTS packer tungsten carbide hydraulic 
slips available from Halliburton Energy Services in order to optimally provide 
resistance to axial movement of the casing 2155 during the expansion process. 
In a particularly preferred embodiment, the slips include a fluid passage 2190, 
pressure chamber 2195, spring return 2200, and slip member 2205. 

15 The slips 2125 may be coupled to the inner sealing mandrel 2120 using 

any niraiber of conventional mechanical couplings. In a preferred embodiment, 
the slips 2125 are removably coupled to the outer surface of the inner sealing 
mandrel 2120 by a thread connection in order to optimally provide 
interchangeabiUty of parts. 

20 The upper sealing head 2130 is coupled to the outer sealing mandrel 

2140 and expansion cone 2150. The upper sealing head 2130 is also movably 
coupled to the outer surface of the inner sealing mandrel 2120 and the inner 
surface of the casing 2155. In this manner, the upper sealing head 2130 
reciprocates in the axial direction. The radial clearance between the inner 

25 cylindrical surface of the upper sealing head 2130 and the outer surface of the 
inner sealing mandrel 2120 may range, for example, from about 0.025 to 0.05 
inches. In a preferred embodiment, the radial clearance between the inner 
cylindrical surface of the upper sealing head 2130 and the outer siurface of the 
inner sealing mandrel 2120 ranges from about 0.005 to 0.010 inches in order to 

30 optimally provide a pressure seal. The radial clearance between the outer 
cylindrical surface of the upper sealing head 2130 and the inner surface of the 
casing 2155 may range, for example, from about 0.025 to 0.375 inches. In a 
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preferred embodiment, the radial clearance between the outer cylindrical 
surface of the upper sealing head 2130 and the inner surface of the casing 2155 
ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 2130 during axial movement of the 
5 expansion cone 2130. 

The upper sealing head 2130 preferably comprises an annular member 
having stibstantially cylindrical inner and outer surfaces. The upper sealing 
head 2130 may be fabricated from any nimiber of conventional commercially 
available mataials such as, for example, low alloy steel, carbon steel, stainless 
10 steel or other similar hi^ strength materials. In a preferred embodiment, the 
upper sealing head 2130 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion resistance, and low friction surfaces. The 
inner surface of the upper sealing head 2130 preferably includes one or more 
annular sealing members 2210 for sealing the interface between the upper 
15 sealing head 2130 and the inner sealing mandrel 2120. The sealing members 
2210 may comprise any number of conventional commercially available annular 
sealing members such as, for example, o-rings, polypak seals, or metal spring 
energized seals. In a preferred embodiment, the sealing members 2210 
comprise polypak seals available from Parker Seals in order to optimally 
20 provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2130 includes a 
shoulder 2215 for supporting the upper sealing head 2130 on the lower sealing 
head 2135. 

The upper sealing head 2130 may be coupled to the outer sealing 
25 mandrel 2140 using any number of conventional commercially available 

mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specially threaded connection, welding, amorphous bonding or a 
standard threaded connection. In a preferred embodiment, the upper sealing 
head 2130 is removably coupled to the outer sealing mandrel 2140 by a 
30 standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the upper sealing head 2130 and the outer sealing mandrel 
2140 includes one or more sealing members 2220 for fluidicly sealing the 
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interface between the upper sealing head 2130 and the outer sealing mandrel 
2140. The sealing members 2220 may comprise any number of conventional 
conmiercially available sealing members such as, for example, o-rings, polypak 
seals, or metal spring energized seals. In a preferred embodiment, the sealing 
5 members 2220 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 

The lower sealing head 2135 is coupled to the iimer sealing mandrel 2120 
and the load mandrel 2145. The lower sealing head 2135 is also movably 
coupled to the inner surface of the outer sealing mandrel 2140. In this manner, 

10 the upper sealing head 2130, outer sealing mandrel 2140, and expansion cone 
2150 reciprocate in the axial direction. The radial clearance between the outer 
surface of the lower sealing head 2135 and the inner surface of the outer sealing 
mandrel 2140 may range, for example, from about 0.0025 to 0.05 inches. In a 
preferred embodiment, the radial clearance between the outer surface of the 

15 lower sealing head 2135 and the inner surface of the outer sealing mandrel 2140 
ranges from about 0.0025 to 0.05 inches in order to optimally provide minimal 
radial clearance. 

The lower sealing head 2135 preferably comprises an aimxilar member 
having substantially cylindrical inner and outer surfaces. The lower sealing 

20 head 2135 may be fabricated from any niunber of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the lower sealing head 2135 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 

25 and low friction surfaces. The outer stniace of the lower sealing head 2135 
preferably includes one or more annular sealing members 2225 for sealing the 
interface between the lower sealing head 2135 and the outer sealing mandrel 
2140. The seaUng members 2225 may comprise any number of conventional 
conoonercially available annular sealing members such as, for example, o-rings, 

30 polypak seals or metal spring energized seals. In a preferred embodiment, the 
sealing members 2225 comprise polypak seals available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 
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The lower sealing head 2135 may be coupled to the inner sealing mandrel 
2120 using any nxunber of conventional commercially available mechanical 
couplings such as, for example, drilipipe connection, oilfield coimtiy tubular 
goods specialty type threaded coimection, welding, amorphous bonding, or a 
5 standard threaded coimection. In a preferred embodiment, the lower sealing 
head 2135 is removably coupled to the iimer sealing mandrel 2120 by a 
standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the lower sealing head 2135 and the inner sealing mandrel 
2120 includes one or more sealing members 2230 for fluididy sealing the 

10 interface between the lower sealing head 2135 and the inner sealing mandrel 
2120. The sealing members 2230 may comprise any number of conventional 
commercially available sealing members such as, for example, o-rings, polypak 
seals, or metal spring energized seals. In a preferred embodiment, the sealing 
members 2230 comprise polypak seals available firom Parker Seals in order to 

15 optimally provide sealing for a long axial stroke. 

The lower sealing head 2135 may be coupled to the load mandrel 2145 
using any number of conventional commerdaUy available mechanical couplings 
such as, for example, drilipipe coimection, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding, or a standard 

20 threaded connection. In a preferred embodiment, the lower sealing head 2135 
is removably coupled to the load mandrel 2145 by a standard threaded 
connection. In a prefmred embodiment, the mechanical coupling between the 
lower sealing head 2135 and the load mandrel 2145 includes one or more 
sealing members 2235 for fluidicly sealing the interface between the lower 

25 sealing head 1980 and the load mandrel 2145. The sealing members 2235 may 
comprise any nxmiber of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals, or metal spring energized seals. In 
a preferred embodiment, the sealing members 2235 comprise polypak seals 
available firom Parker Seals in order to optimally provide sealing for a long axial 

30 stroke. 

In a preferred embodiment, the lower sealing head 2135 includes a throat 
passage 2240 fluidicly coupled between the fluid passages 2175 and 2180. The 
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throat passage 2240 is preferably of reduced size and is adapted to receive and 
engage with a plug 2245, or other similar device. In this manner, the fluid 
passage 2175 is fluidicly isolated from the fluid passage 2180. In this manner, 
the pressure chamber 2250 is pressurized. 
5 The outer sealing mandrel 2140 is coupled to the upper sealing head 

2130 and the expansion cone 2150. The outer sealing mandrel 2140 is also 
movably coupled to the inner surface of the casing 2155 and the outer surface of 
the lower sealing head 2135. In this manner, the upper sealing head 2130, 
outer sealing mandrel 2140, and the expansion cone 2150 reciprocate in the 

10 adal direction. The radial clearance between the outer surface of the outer 
sealing mandrel 2140 and the inner surface of the casing 2155 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
radial clearance between the outer surface of the outer sealing mandrel 2140 
and the inner surface of the casing 2155 ranges from about 0.025 to 0.125 

15 inches in order to optimally provide stabilization for the expansion cone 2130 
during the expansion process. The radial clearance between the inner surface 
of the outer sealing mandrel 2140 and the outer siuiace of the lower sealing 
head 2135 may range, for example, from about 0.005 to 0.125 inches. In a 
preferred embodiment, the radial clearance between the inner sturface of the 

20 outer sealing mandrel 2140 and the outer suirface of the lower sealing head 2135 
ranges from about 0.005 to 0.010 inches in order to optimally provide minimal 
radial clearance. 

The outer sealing mandrel 2140 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The outer 

25 sealing mandrel 2140 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield coxmtry tubidar 
goods, low alloy steel, carbon steel, stainless steel, or other similar high 
strength materials. In a preferred embodiment, the outer sealing mandrel 2140 
is fabricated from stainless steel in order to optimally provide high strength, 

30 corrosion resistance, and low friction surfaces. 

The outer sealing mandrel 2140 may be coupled to the upper sealing 
head 2130 using any niunber of conventional commercially available mechanical 
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couplings such as, for example, drillpipe connectioh, oilfield cotmtiy tubular 
goods specialfy threaded connection^ welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the outer sealing mandrel 
2140 is removably coupled to the upper sealing head 2130 by a standard 
5 threaded connection. The outer sealing mandrel 2140 may be coupled to the 
expansion cone 2150 iising any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield coimtry 
tubular goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the outer sealing 

10 mandrel 2140 is removably coupled to the expansion cone 2150 by a standard 
threaded connection. 

The upper sealing head 2130, the lower sealing head 2135, inner sealing 
mandrel 2120, and the outer sealing mandrel 2140 together define a pressure 
chamber 2250. The pressure chamber 2250 is fluidicty coupled to the passage 

15 2175 via one or more passages 2255. During operation of the apparatus 2100, 
the plug 2245 engages with the throat passage 2240 to fluidicly isolate the fluid 
passage 2175 firom the fluid passage 2180. The pressure chamber 2250 is then 
pressurized which in turn causes the upper sealing head 2130, outer sealing 
mandrel 2140, and expansion cone 2150 to reciprocate in the axial direction. 

20 The axial motion of the expansion cone 2150 in tiun expands the casing 2155 in 
the radial direction. 

The load n[iandrel 2145 is coupled to the lower sealing head 2135. The 
load mandrel 2145 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The load mandrel 2145 may 

25 be fabricated firom any niunber of conventional commercially available 

materials such as, for example, oilfield coimtry tubular goods, low alloy steel, 
carbon steel, stainless steel or other siuGolar hi^ strength materials. In a 
preferred embodiment, the load mandrel 2145 is fabricated from stainless steel 
in order to optimally provide high strength, corrosion resistance, and low 

30 fiiction bearing surfaces. 

The load mandrel 2145 may be coupled to the lower sealing head 2135 
using any number of conventional commercially available mechanical couplings 
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such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the load mandrel 2145 is 
removably coupled to the lower seaUng head 2135 by a standard threaded 
5 connection in order to optimally provide high strength and permit easy 
replacement of the load mandrel 2145. 

The load mandrel 2145 preferably includes a fluid passage 2180 that is 
adapted to convey fluidic materials £rom the fliud passage 2180 to the region 
outside of the apparatus 2100. In a preferred embodiment, the fluid passage 

10 2180 is adapted to convey fluidic materials such as, for example, cement, epoxy, 
water, drilling mud, or lubricants at operating pressmres and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 2150 is coupled to the outer sealing mandrel 2140. 
The expansion cone 2150 is also movably coupled to the ianer siurface of the 

15 casing 2155. In this manner, the upper sealing head 2130, outer sealing 
mandrel 2140, and the expansion cone 2150 reciprocate in the axial direction. 
The reciprocation of the espansion cone 2150 causes the casing 2155 to expand 
in the radial direction. 

The expansion cone 2150 preferably comprises an annular member 

20 having stibstantiaUy cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
surface ranges from about 3 to 28 inches in order to optimally provide cone 
dimensions that are optimal for typical casings. The axial length of the 

25 expansion cone 2150 may range, for example, from about 2 to 6 times the 
largest outside diameter of the expansion cone 2150. In a preferred 
embodiment, the axial length of the expansion cone 2150 ranges from about 3 
to 5 times the largest outside diameter of the expansion cone 2150 in order to 
optimally provide stability and centralization of the expansion cone 2150 during 

30 the expansion process. In a particularly preferred embodiment, the m aximum 
outside diameter of the expansion cone 2150 is between about 90 to 100 % of 
the inside diameter of the existing wellbore that the casing 2155 will be joined 
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with. In a preferred embodiment, the an^e of attack of the expansion cone 
2150 ranges from about 5 to 30 degrees in order to optimally balance friction 
forces and radial expansion forces. The optimal expansion cone 2150 angle of 
attack will vary as a function of the particular operating conditions of the 
5 expansion operation. 

The expansion cone 2150 may be fabricated from any mmiber of 
conventional commercially available materials such as, for example, machine 
tool steel, nitride steel, titaniimi, ttmgsten carbide, ceramics, or other similar 
high strength materials. In a preferred embodiment^ the expansion cone 2150 
10 is fabricated from D2 machine tool steel in order to optimally provide high 
strength and resistance to wear and galling. In a particularly preferred 
embodiment, the outside surface of the expansion cone 2150 has a surface 
hardness ranging from about 58 to 62 Rockwell C in order to optin:ially provide 
resistance to wear. 

15 The expansion cone 2150 may be coupled to the outside sealing mandrel 

2140 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, welding, amorphous bonding or a 
standard threaded connection. In a preferred embodiment, the expansion cone 

20 2150 is coupled to the outside sealing mandrel 2140 tising a standard threaded 
connection in order to optimaUy provide high strength and permit the 
expansion cone 2150 to be easily replaced. 

The casing 2155 is removably coupled to the slips 2125 and expansion 
cone 2150. The casing 2155 preferably comprises a tubular member. The 

25 casing 2155 may be fabricated from any number of conventional commercially 
available materials such as, for example, slotted tubidars, oilfield coimtry 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength material. In a preferred embodiment, the casing 2155 is fabricated 
from oilfield country tubidar goods available from various foreign and domestic 

30 steel mills in order to optimally provide high strength. 

In a preferred embodiment, the upper end 2260 of the casing 2155 
includes a thin wall section 2265 and an outer annular sealing member 2270. 
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In a preferred embodiment, the wall thickness of the thin wall section 2265 is 
about 50 to 100 % of the regular wall thickness of the casing 2155. In this 
manner, the upper end 2260 of the casing 2155 may be easily expanded and 
deformed into intimate contact with the lower end of an existing section of 
5 weUbore casing. In a preferred embodiment, the lower end of the existing 
section of casing also includes a thin wall section. In this maimer, the radial 
expansion of the thin walled section 2265 of casing 2155 into the thin walled 
section of the existing wellbore casing results in a wellbore casing having a 
substantially constant inside diameter. 

10 The annular sealing member 2270 may be fabricated from any number of 

conventional commercially available sealing materials such as, for example, 
epoxy, rubber, metal or plastic. In a preferred embodiment, the anniilar sealing 
member 2270 is fabricated from StrataLock epoxy in order to optimally provide 
compressibility and resistance to wear. The outside diameter of the annular 

15 sealing member 2270 preferably ranges from about 70 to 95 % of the inside 
diameter of the lower section of the wellbore casing that the casing 2155 is 
joined to. In this manner, after expansion, the annular sealing member 2270 
preferably provides a iluidic seal and also preferably provides sufficient 
frictional force with the inside surface of the existing section of wellbore casing 

20 during the radial expansion of the casing 2155 to support the casing 2155. 

In a preferred embodiment, the lower end 2275 of the casing 2155 
includes a thin wall section 2280 and an outer annular sealing member 2285. 
In a preferred embodiment, the wall thickness of the thin wall section 2280 is 
about 50 to 100 % of the regular wall thickness of the casing 2155. In this 

25 manner, the lower end 2275 of the casing 2155 may be easily expanded and 
deformed. Furthermore, in this mann^, an other section of casing may be 
easily joined with the lower end 2275 of the casing 2155 using a radial 
expansion process. In a preferred embodiment, the upper end of the other 
section of casing also includes a thin wall section. In this maimer, the radial 

30 expansion of the thin walled section of the upper end of the other casing iato 
the thin walled section 2280 of the lower end of the casing 2155 results in a 
wellbore casing having a substantially constant inside diameter. 
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The annular sealing member 2285 miay be fabricated firom any number of 
conventional commercially available sealing materials such as, for example, 
epo:^, rubber, metal or plastic. In a preferred embodiment, the annular seating 
member 2285 is fabricated firom StrataLock epo^ in order to optimally provide 
5 compressibility and wear resistance. The outside diameter of the annular 
sealing member 2285 preferably ranges firom about 70 to 95 % of the inside 
diameter of the lower section of the existing weUbore casing that the casing 
2155 is joined to. In this manner, the annular sealing member 2285 preferably 
provides a fluidic seal and also preferably provides sufBdent frictional force 
10 with the inside wall of the wellbore during the radial expansion of the casing 
2155 to support the casing 2155. 

During operation, the apparatus 2100 is preferably positioned in a 
wellbore with the upper end 2260 of the casing 2155 positioned in an 
overlapping relationship with the lower end of an existing wellbore casing. In a 
15 particularly preferred embodiment, the thin wall section 2265 of the casing 
2155 is positioned in opposing overlapping relation with the thin wall section 
and outer annular sealing member of the lower end of the existing section of 
wellbore casing. In this manner, the radial expansion of the casing 2155 will 
compress the thin wall sections and annular compressible members of tiie upper 
20 end 2260 of the casing 2155 and the lower end of the existing wellbore casing 
into intimate contact. Dtuing the positioning of the apparatus 2100 in the 
weUbore, the casing 2155 is supported by the expansion cone 2150. 

After positioning of the apparatus 2100, a first fluidic material is then 
pumped into the fluid passage 2160. The first fliddic material may comprise 
25 any number of conventional conmierdally available materials such as, for 

example, drilling mud, wat^, epo^, or cement. In a preferred embodiment, the 
first fluidic material comprises a hardenable fluidic seahng material such as, for 
example, cement or epoxy in order to provide a hardenable outer annular body 
around the landed casing 2155. 
30 The first fluidic material may be pumped into the fluid passage 2160 at 

operating pressures and flow rates ranging, for example, firom about 0 to 4,500 
psi and 0 to 3,000 gallons/minute. In a preferred embodiment, the first flmdic 
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material is pumped into the fluid passage 2160 at operating pressures and flow 
rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallonsAninute in order 
to optintially provide operational effidenqr. 

The first fluidic material pumped into the fluid passage 2160 passes 
5 through the fluid passages 2165, 2170, 217S, 2180 and then outside of the 
apparatus 2100. The first fluidic material then fills the anntdar region between 
the outside of the apparatus 2100 and the interior walls of the wellbore. 

The plug 2245 is then introduced into the fltiid passage 2160. The plug 
2245 lodges in the throat passage 2240 and fluididy isolates and blocks off the 

10 fluid passage 2175. In a preferred embodiment, a couple of volumes of a non- 
hardenable fluidic material are then pumped into the fluid passage 2160 in 
order to remove any hardenable fluidic material contained within and to ensiure 
that none of the fluid passages are blocked. 

A second fluidic material is then pumped into the fluid passage 2160. 

15 The second fluidic material may comprise any number of conventional 
commercially available materials such as, for example, drilling mud, water, 
drilling gases, or lubricants. In a preferred embodiment, the second fluidic 
material comprises a non-hardenable fluidic material such as, for example, 
water, drilling mud or lubricant in order to optimally provide pressurization of 

20 the pressure chamber 2250 and minimize frictional forces. 

The second fluidic material may be pumped into the fluid passage 2160 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the second 
fluidic material is pumped into the fluid passage 2160 at operating pressiures 

25 and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute 
in order to optimally provide operational efficiency. 

The second fluidic material pumped into the fluid passage 2160 passes 
throu^ the fluid passages 2165, 2170, and 2175 into the pressture chambers 
2195 of the slips 2125, and into the pressure chamber 2250. Continued 

30 pumping of the second fluidic material pressurizes the pressure chanibers 2195 
and 2250. 
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The presstirization of the pressure chambers 2195 causes the slip 
members 2205 to expand in the radial direction and grip the interior surface of 
the casing 2155. The casing 2155 is then preferably maintained in a 
substantially stationary position. 
5 The presstuization of the pressure chamber 2250 causes the upper 

sealing head 2130, outer sealing mandrel 2140 and expansion cone 2150 to 
move in an axial direction relative to the casing 2155. In this manner, the 
expansion cone 2150 will cause the casing 2155 to expand in the radial 
direction. 

10 During the radial expansion process, the casing 2155 is prevented from 

moving in an upward direction by the slips 2125. A length of the casing 2155 is 
then expanded in the radial direction through the pressurization of the pressinre 
chamber 2250. The length of the casing 2155 that is expanded during the 
expansion process will be proportional to the stroke length of the upper sealing 

15 head 2130, outer sealing mandrel 2140, and expansion cone 2150. 

Upon the completion of a stroke, the operating pressure of the second 
fluidic material is reduced and the upper sealing head 2130, outer sealing 
mandrel 2140, and expansion cone 2150 drop to their rest positions vdth the 
casing 2155 supported by the expansion cone 2150. The position of the drillpipe 

20 2105 is preferably adjusted throughout the radial expansion process in order to 
TnaintaiTi the Overlapping relationship between the thin walled sections of the 
lower end of the existing weUbore casing and the upper end of the casing 2155. 
In a preferred embodiment, the stroking of the expansion cone 2150 is then 
repeated, as necessary, until the thin walled section 2265 of the upper end 2260 

25 of the casing 2155 is expanded into the thin walled section of the lower end of 
the existing wellbore casing. In this manner, a weUbore casing is formed 
including two adjacent sections of casing having a substantially constant inside 
diameter. This process may then be repeated for the entirety of the wellbore to 
provide a wellbore casing thousands of feet in length having a substantially 

30 constant inside diameter. 

In a preferred embodiment, during the final stroke of the expansion cone 
2150, the sUps 2125 are positioned as close as possible to the thin walled section 
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2265 of the upper end of the casing 2155 in order minimize slippage between 
the casing 2155 and the existing wellbore casing at the end of the radial 
expansion process. Alternatively, or in addition, the outside diameter of the 
aimular sealing member 2270 is selected to ensure su£Bcient interference fit 
5 with the inside diameter of the lower end of the existdng casing to prevent axial 
displacement of the casing 2155 during the final stroke. Alternatively, or in 
addition, the outside diameter of the annular sealing member 2285 is selected 
to provide an interference fit with the inside walls of the wellbore at an earlier 
point in the radial expansion process so as to prevent further axial displacement 
10 of the casing 2155. In this final alternative, the interference fit is preferably 
selected to permit expansion of the casing 2155 by pulling the expansion cone 
2150 out of the wellbore, without having to pressurize the pressure chamber 
2250. 

During the radial expansion process, the pressurized areas of the 
15 apparatus 2100 are limited to the fluid passages 2160, 2165, 2170, and 2175, the 
pressure chambers 2195 within the slips 2125, and the pressure chamber 2250. 
No fluid pressure acts directly on the casing 2155, This permits the use of 
operating pressiires hi^er than the casing 2155 could normally withstand.- 

Once the casing 2155 has been completely expanded off of the expansion 
20 cone 2150, remaining portions of the apparatus 2100 are removed flrom the 
wellbore. In a preferred embodiment, the contact pressure between the 
deformed thin wall sections and compressible annular members of the lower 
end of the existing casing and the upper end 2260 of the casing 2155 ranges 
firom about 500 to 40,000 psi in order to optimally support the casing 2155 
25 using the existing wellbore casing. 

In this manner, the casing 2155 is radially expanded into contact with an 
existing section of casing by pressurizing the interior fluid passages 2160, 2165, 
2170, and 2175 and the pressiure chamber 2250 of the apparatus 2100. 

In a preferred embodiment, as required, the annular bo<fy of hardenable 
30 fluidic material is then allowed to cure to form a rigid outer anniilar body about 
the expanded casing 2155. In the case where the casing 2155 is slotted, the 
cured fluidic material preferably permeates and envelops the expanded casing 
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2155. The resulting new section of wellbore casing includes the expanded 
casing 2155 and the rigid outer annular body. The overlapping joint between 
the pre-existing wellbore casing and the expanded casing 2155 includes the 
deformed thin wall sections and the compressible outer annular bodies. The 
5 inner diaineter of the resulting combined wellbore casings is substantially 
constant. In this manner, a mono-diameter wellbore casing is formed This 
process of expanding overlapping tubular members having thin wall end 
portions with compressible annular bodies into contact can be repeated for the 
entire length of a wellbore. In this manner, a mono-diameter wellbore casing 

10 can be provided for thousands of feet in a subterranean formation. 

In a prefixed embodiment, as the expansion cone 2150 nears the upper 
end of the casing 2155, the operating flow rate of the second fluidic material is 
reduced in order to minimize shock to the apparatus 2100. In an alternative 
embodiment, the apparatus 2100 includes a shock absorber for absorbing the 

15 shock created by the completion of the radial expansion of the casing 2155. 

In a preferred embodiment, the reduced operating pressxure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2130 
nears the end of the casing 2155 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 2130. In a preferred embodiment, 

20 the operating pressure of the second fluidic material is reduced diiring the 
return stroke of the apparatus 2100 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2130 during the 
return stroke. In a preferred embodiment, the stroke length of the apparatus 
2100 ranges firom about 10 to 45 feet in order to optimally provide eqmpment 

25 lengths that can be handled by conventional oil well rigging equipment while 
also minimizing the frequency at which the expansion cone 2130 must be 
stopped so that the apparatus 2100 can be re-stroked. 

In an alternative embodiment, at least a portion of the upper sealing 
head 2130 includes an expansion cone for radially expanding the casing 2155 

30 during operation of the apparatus 2100 in order to increase the surface area of 
the casing 2155 acted upon during the radial expansion process. In this 
manner, the operating pressures can be reduced. 
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Alternatively, the ^paratus 2100 may be used to join a first section of 
pipeline to an existing section of pipeline. Alternatively, the apparatus 2100 
may be used to directly line Ihe interior of a wellbore with a casing, without the 
use of an outer annular layer of a hardenable material. Alternatively, the 
5 apparatus 2100 may be used to expand a tubtilar support member in a hole. 

Referring now to Figures 17, 17a and 17b, another embodiment of an 
apparatus 2300 for expanding a tubular member will be described. The 
apparatus 2300 preferably included a drillpipe 2305, an innerstring adapter 
2310, a sealing sleeve 2315, a hydraulic slip body 2320, hydraidic slips 2325, an 

10 inner sealing mandrel 2330, an upper sealing head 2335, a lower sealing head 
2340, a load mandrel 2345, an outer sealing mandrel 2350, an expansion cone 
2355, a mechanical slip boc^ 2360, mechanical slips 2365, drag blocks 2370, 
casing 2375, fluid passages 2380, 2385, 2390, 2395, 2400, 2405, 2410, 2415, and 
2485, and mandrel launcher 2480. 

15 The drillpipe 2305 is coupled to the innerstring adapter 2310. During 

operation of the apparatus 2300, the drillpipe 2305 supports the apparatus 
2300. The drillpipe 2305 preferably comprises a substantially hollow tubular 
member or members. The drillpipe 2305 may be fabricated from any ntunber of 
conventional commercially available materials such as, for example, oilfield 

20 country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the drillpipe 2305 
is fabricated from coiled tubing in order to fadliate the placement of the 
apparatus 2300 in non-vertical wellbores. The drillpipe 2305 may be coupled to 
the innerstring adapter 2310 using any number of conventional commerdaUy 

25 available mechanical couplmgs such as, for example, drillpipe connection, 
oilfield country tubtdar goods specialty threaded connection, or a standard 
threaded connection. In a preferred embodiment, the drillpipe 2305 is 
removably coupled to the innerstring adapter 2310 by a drillpipe connection. 
The drillpipe 2305 preferably includes a fluid passage 2380 that is 

30 adapted to convey fluidic materials from a surface location into the fluid 

passage 2385. In a preferred embodiment, the fluid passage 2380 is adapted to 
convey fluidic materials such as, for example, cement, water, epoxy, drilling 
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muds, or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 psi and 0 to 5,000 gallons/tmnute in order to optimally provide 
operational efficiency. 

The innerstring adapter 2310 is coupled to the drill string 2305 and the 
5 sealing sleeve 2315. The innerstring adapter 2310 preferabljr comprises a 
substantially hollow tubular member or members. The innerstring adapter 
2310 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. 
10 In a preferred embodiment, the innerstring adapter 2310 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. 

The innerstring adapter 2310 may be coupled to the drill string 2305 
using any number of conventional commercially available mechanical couplings 
15 such as, for example, driUpipe connection, oilfield coimtry tubular goods 
specialty threaded connection, or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 2310 is removably coupled to 
the drill pipe 2305 by a drillpipe connection. The innerstring ad£q)ter 2310 may 
be coupled to the sealing sleeve 2315 using any number of conventional 
20 conrntierdally available mechanical couplings such as, for example, a drillpipe 
connection, oilfield country tubular goods specially threaded connection, or a 
standard threaded connection. In a preferred embodiment, the innerstring 
adapter 2310 is removably coupled to the sealing sleeve 2315 by a standard 
threaded connection. 
25 The innerstring adapter 2310 preferably includes a fitdd passage 2385 

that is adapted to convey fluidic materials from the fluid passage 2380 into the 
fluid passage 2390. In a preferred embodiment^ the fluid passage 2385 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
drilling mud, drilling gases or lubricants at operating pressures and flow rates 
30 ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The sealing sleeve 2315 is coupled to the innerstring adapter 2310 and 
the hydraulic slip body 2320. The sealing sleeve 2315 preferably comprises a 
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substantially hollow tubiilar member or members. The sealing sleeve 2315 may 
be fabricated firom any niunber of conventional commercially available 
materials such as, for example, oilfield comxtry tubular goods, low alloy steel, 
carbon steel, stainless steel or other sinoilar hi^ strength materials. In a 
5 preferred embodiment, the sealing sleeve 2315 is fabricated from stainless steel 
in order to optimally provide high strength, corrosion resistance, and low- 
friction surfaces. 

The sealing sleeve 2315 may be coupled to the mnerstring adapter 2310 
using any nmnber of conventional commercially available mechanical couplings 

10 such as, for example, drillpipe connections, oilfield country tubular goods 
specialty threaded connections, or a standard threaded connection. In a 
preferred embodiment, the sealing sleeve 2315 is removably coupled to the 
innerstring adapter 2310 by a standard threaded connection. The sealing sleeve 
2315 may be coupled to the hydrauUc slip body 2320 using any nimiber of 

15 conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty threaded 
coimection, or a standard threaded connection. In a preferred embodiment, the 
sealing sleeve 2315 is removably coupled to the hydraulic slip body 2320 by a 
standard threaded coimection. 

20 The sealing sleeve 2315 preferably includes a fluid passage 2390 that is 

adapted to convey fliudic materials from the flidd passage 2385 into the fluid 
passage 2395, In a preferred embodiment, the fluid passage 2315 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling 
mud or lubricants at operating pressures and flow rates ranging firom about 0 to 

25 9,000 psi and 0 to 3,000 gallons/minute. 

The hydraulic slip body 2320 is coupled to the sealing sleeve 2315, the 
hydraulic slips 2325, and the inner sealing mandrel 2330. The hydraulic slip 
body 2320 preferably comprises a substantially hollow tubular member or 
members. The hydraulic slip body 2320 may be fabricated firom any number of 

30 conventional commercially available materials such as, for example, oilfield 
coimtry tubular goods, low alloy steel, carbon steel, stainless steel or other hi^ 
strength material. In a preferred embodiment, the hydraulic sUp body 2320 is 
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fabricated from carbon steel in order to optimally provide hi^ strength at low 
cost. 

The hydratilic slip body 2320 may be coupled to the sealing sleeve 2315 
using any number of conventional commercially available mechanical couplings 
5 such asy for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, or a standard threaded coxmection. In a 
preferred embodiment, the hydraulic slip body 2320 is removably coupled to the 
sealing sleeve 2315 by a standard threaded connection. The hydraulic sUp body 
2320 may be coupled to the slips 2325 iising any number of conventional 
10 commercially available mechanical couplings such as, for example, driUpipe 
connection, oilfield coimtry tubular goods specialty threaded connection, 
welding, amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2320 is removably coupled to the slips 
2325 by a standard threaded connection. The hydraulic slip body 2320 may be 
15 coupled to the inner sealing mandrel 2330 using any number of conventional 
commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty threaded connection, 
welding, amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2320 is removably coupled to the inner 
20 sealing mandrel 2330 by a standard threaded connection. 

The hydraulic slips bod^ 2320 preferably includes a fluid passage 2395 
that is adapted to convey fliddic materials from the fluid passage 2390 into the 
fluid passage 2405. In a preferred embodiment, the fluid passage 2395 is 
ad£^ted to convey fluidic materials such as, for example, cement, epoxy^ water, 
25 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The hydraidic slips body 2320 preferably includes flidd passage 2400 that 
are adapted to convey fluidic materials fi^m the fluid passage 2395 into the 
pressure chambers 2420 of the hydrauUc slips 2325. In this manner, the slips 
30 2325 are activated upon the pressurization of the fluid passage 2395 into 

contact with the inside surface of the casing 2375. In a preferred embodiment, 
the fluid passages 2400 are adapted to convey fluidic materials such as, for 
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example^ water, drilling mud or Iiibricants at operating pressures and flow rates 
ranging &om about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The slips 2325 are coupled to the outside surface of the hydraulic slip 
bo(fy 2320. During operation of the apparatus 2300, the slips 2325 are activated 
5 upon the pressurization of the fluid passage 2395 into contact with the inside 
surface of the casing 2375. In this manner, the shps 2325 maintain the casing 
2375 in a substantially stationary position. 

The sUps 2325 preferably include the fluid passages 2400, the presstu*e 
chambers 2420, spring bias 2425, and slip members 2430. The slips 2325 may 

10 comprise any niunber of conventional commercially available hydraulic sUps 
such as, for example, RTTS packer tungsten carbide hydraulic slips or Model 3L 
retrievable bridge plug with hydrauUc shps. In a preferred embodiment, the 
slips 2325 comprise RTTS packer tungsten carbide hydiuulic slips available 
from HaUiburton Energy Services in order to optimally provide resistance to 

16 axial movement of the casing 2375 dtuing the radial expansion process. 

The inner sealing mandrel 2330 is coupled to the hydraulic slip body 
2320 and the lower sealing head 2340. The inner sealing mandrel 2330 
preferably comprises a substantially hollow tubular member or members. The 
inner sealing mandrel 2330 may be fabricated from any number of conventional 

20 commercially available materials such as, for example, oilfield cotmtry tubtilar 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the inner sealing mandrel 2330 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

25 The inner sealing mandrel 2330 may be coupled to the hydraulic shp 

body 2320 using any niunber of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield coimtry tubular 
goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the inner sealing 

30 mandrel 2330 is removably coupled to the hydrauUc slip body 2320 by a 

standard threaded connection. The iimer sealing mandrel 2330 may be coupled 
to the lower sealing head 2340 using any number of conventional commercially 
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available mechanical couplings such as, for example^ drillpipe connection, 
oilfield country tubular goods specialty threaded connection, welding, 
amorphous bonding, or a standard threaded comiection. In a preferred 
embodiment, the inner sealing maadrel 2330 is removably coupled to the lower 
5 sealing head 2340 by a standard threaded connection* 

The inner sealing mandrel 2330 preferably includes a fluid passage 2405 
that is adapted to convey fluidic materials from the fluid passage 2395 into the 
fluid passage 2415. In a preferred embodiment, the fluid passage 2405 is 
adapted to convey fluidic materials such as, for esiample, cement, epoxy, water, 
10 drilling mud, or lubricants at operating pressiares and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The upper sealing head 2335 is coupled to the outer sealing mandrel 
2345 and expansion cone 2355. The upper sealing head 2335 is also movably 
coupled to the outer surface of the inner sealing mandrel 2330 and the inner 
15 surface of the casing 2375. In this manner, the upper sealing head 2335 
reciprocates in the axial direction. The radial clearance between the inner 
cylindrical surface of the upper sealing head 2335 and the outer surface of the 
inner sealing mandrel 2330 may range, for example, from about 0.0025 to 0.05 
inches. In a preferred embodiment, the radial clearance between the inner 
20 cylindrical surface of the upper sealing head 2335 and the outer surface of the 
inner seaUng mandrel 2330 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal clearance. The radial clearance between the outer 
cylindrical surface of the upper sealing head 2335 and the inner surface of the 
casing 2375 may range, for example, from about 0.026 to 0.375 inches. In a 
25 preferred embodiment, the radial clearance between the outer cylindrical 

surface of the upper sealing head 2335 and the inner surface of the casing 2375 
ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 2355 during the expansion process. 

The upper sealing head 2335 preferably comprises an annular member 
30 having substantially cylindrical inner and outer surfaces. The upper sealing 
head 2335 may be fabricated from any nmnber of conventional commercially 
available materials such as, for example, oilfield countiy tubular goods, low 
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alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment^ the upper sealing head 2335 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. The inner sturface of the upper sealing head 2335 
5 preferably includes one or more annular sealing members 2435 for sealing the 
interface between the upper sealing head 2335 and the inner sealing mandrel 
2330. The sealing members 2435 may comprise any number of conventional 
commercially available annular sealing members such as, for example, o-rings, 
polypak seals or metal spring energized seals. In a preferred embodiment, the 
10 sealing members 2435 comprise polypak seals available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2335 includes a 
shoulder 2440 for supporting the upper sealing head on the lower sealing head 
1930, 

15 The upper sealing head 2335 may be coupled to the outer sealing 

mandrel 2350 using any ntunber of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield coimtry 
tubular goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the upfier sealing 

20 head 2335 is removably coupled to the outer sealing mandrel 2350 by a 
standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the upper sealing head 2335 and the outer seaUng mandrel 
2350 includes one or more sealing members 2445 for fluidicly sealing the 
interface between the upper sealing head 2335 and the outer sealing mandrel 

25 2350. The sealing members 2445 may comprise any nmnber of conventional 
commercially available sealing members such as, for example, o-rings, polypak 
seals or metal spring energized seals. In a preferred embodiment, the sealing 
members 2445 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for long adal strokes. 

30 The lower sealing head 2340 is coupled to the inner sealing mandrel 2330 

and the load mandrel 2345. The lower sealing head 2340 is also movably 
coupled to the inner surface of the outer sealing mandrel 2350. In this manner, 
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the upper sealing head 2335 and outet sealing marLdrel 2350 reciprocate in the 
axial direction. The radial dearance between the outer surface of the lower 
sealing head 2340 and the inner surface of the outer sealing mandrel 2350 may 
range, for example, &om about 0.0025 to 0.05 inches. In a preferred 
5 embodiment, the radial clearance between the outer surface of the lower sealing 
head 2340 and the inner surface of the outer sealing nciandrel 2350 ranges from 
about 0.005 to 0.010 inches in order to optimally provide minimfll radial 
clearance. 

The lower sealing head 2340 preferably comprises an annular member 

10 havingsubstantially cylindrical inner and outer surfaces. The lower sealing 
head 2340 may be fabricated from any number of conventional conunerdally 
available materials such as, for example, oilfield tubular members, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. In a 
preferred embodimmt, the lower sealing head 2340 is fabricated from stainless 

15 steel in order to optunally provide hi^ strength, corrosion resistance, and low 
friction surfaces. The outer stniace of the lower sealing head 2340 preferably 
includes one or more anntdar sealing members 2450 for sealing the interface 
between the lower sealing head 2340 and the outer sealing mandrel 2350. The 
sealing members 2450 may comprise any number of conventional conmierciaUy 

20 available annular sealing members such as, for example, o-rings, polypak seals 
or metal spring energized seals. In a preferred embodiment, the sealing 
members 2450 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 

The lower sealing head 2340 may be coupled to the inner sealing n[iandrel 

25 2330 using any ntunber of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield coimtry tubular 
specialty threaded connection, welding, amorphous bonding, or standard 
threaded connection. In a preferred embodiment, the lower seaUng head 2340 
is removably coupled to the inner sealing mandrel 2330 by a standard threaded 

30 connection. In a preferred embodiment, the mechanical coupling between the 
lower sealing head 2340 and the inner sealing mandrel 2330 includes one or 
more sealing mentibers 2455 for fluididy sealing the interface between the lower 
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sealing head 2340 and the inner sealing mandrel 2330. The sealing members 
2455 may comprise any nmnber of conventional commercially available sealing 
members such as, for example, o-rings, polypak or metal spring energized seals. 
In a preferred embodiment, the sealing members 2465 comprise polypak seals 
5 available from Parker Seals in ordCT to optimally provide sealing for a long axial 
stroke length. 

The lower sealing head 2340 may be coupled to the load mandrel 2345 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield coimtry tubular goods 

10 specialty threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the lower sealing head 2340 
is removably coupled to the load mandrel 2345 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
lower sealing head 2340 and the load mandrel 2345 includes one or more 

15 sealing members 2460 for fluididy sealing the interface between the lower 
sealing head 2340 and the loeid mandrel 2345. The sealing members 2460 may 
comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 2460 comprise polypak seals 

20 available from Parker Seals in order to optimally provide sealing for a long axial 
stroke length. 

In a preferred embodiment, the lower sealing head 2340 includes a throat 
passage 2465 fluididy coupled between the fluid passages 2405 and 2415. The 
throat passage 2465 is preferably of reduced size and is adapted to receive and 

25 engage with a plug 2470, or other similar device. In this manner, the fluid 
passage 2405 is fluididy isolated from the fluid passage 2415. In this manner, 
the pressure chamber 2475 is pressurized. 

The outer sealing mandrel 2350 is coupled to the upper sealing head 
2335 and the expansion cone 2355. The outer sealing mandrel 2350 is also 

30 movably coupled to the inner smf ace of the casing 2375 and the outer surface of 
the lower sealing head 2340. In this manner, the upper sealing head 2335, 
outer sealing mandrel 2350, and the expansion cone 2355 redprocate in the 
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axial direction. The radial clearance bietween the duter surface of the outer 
sealing mandrel 2350 and the inner surface of the casing 2375 may range, for 
example, £rom about 0.025 to 0.375 inches. In a prefmred embodiment, the 
radial clearance between the outer surface of the outer sealing mandrel 2350 
5 and the inner surface of the casing 2375 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilization for the expansion cone 2355 
during the expansion process. The radial clearance between the inner surface 
of the outer sealing mandrel 2350 and the outer surface of the lower sealing 
head 2340 may range, for example, from about 0.0025 to 0.375 inches. In a 
10 preferred embodiment, the radial clearance between the inner siuiace of the 
outer sealing mandrel 2350 and the outer surface of the lower sealing head 2340 
ranges from about 0.005 to 0.010 inches in order to optimally provide fninimal 
clearance. 

The outer sealing mandrel 2350 preferably comprises an annular 
15 member having substantiaUy cylindrical inner and outer siirfaces. The outer 
sealing mandrel 2350 may be fabricated from any number of conventional 
commercially available materials such as, for example, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the outer sealing mandrel 2350 is fabricated from stainless steel 
20 in ord^ to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

The outer sealing mandrel 2350 may be coupled to the upper sealing 
head 2335 using any niunber of conventional commercially available mechanical 
couplings such as, for example, driUpipe connections, oilfield country tubular 

25 goods specialty threaded connections, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the outer sealing 
mandrel 2350 is removably coupled to the upper sealing head 2335 by a 
standard threaded connection. The outer seahng mandrel 2350 may be coupled 
to the expansion cone 2355 using any ntunber of conventional commercially 

30 available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specialty threaded connection, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
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embodiment, the outer sealing mandrel 2350 is removably coupled to the 
expansion cone 2356 by a standard threaded connection. 

The upper sealing head 2335, the lower sealing head 2340, the inner 
sealing mandrel 2330, and the outer sealing mandrel 2350 together define a 
5 pressure chamber 2475. The pressiure chamber 2475 is fltudicly coupled to the 
passage 2405 via one or more passages 2410. Ehiring operation of the apparatus 
2300, the plug 2470 engages with the throat passage 2465 to flmdidy isolate the 
fluid passage 2415 from the fluid passage 2405. The pressure chan:iber 2475 is 
then pressurized which in turn causes the upper sealing head 2335, outer 

10 sealing mandrel 2350, and expansion cone 2355 to reciprocate in the axial 
direction. The axial motion of the expansion cone 2355 in turn expands the 
casing 2375 in the radial direction. 

The load mandrel 2345 is coupled to the lower sealing head 2340 and the 
mechanical sUp body 2360. The load mandrel 2345 preferably comprises an 

15 aninular meinber having substantiaUy cylindrical inner and outer surfaces. The 
load mandrel 2345 may be fabricated from any niunber of conventional 
commercially available materials such as, for example, oilfield coimtry tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the load mandrel 2S45 is fabricated from 

20 stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. 

The load mandrel 2345 may be coupled to the lower sealing head 2340 
using any nimiber of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield coimtry tubular goods 

25 specialty threaded connection, weldiag, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the load mandrel 2345 is 
removably coupled to the lower sealing head 2340 by a standard threaded 
coimection. The load mandrel 2345 may be coupled to the mechanical slip body 
2360 using any niunber of conventional commercially available mechanical 

30 couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred emboditnent, the load mandrel 
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2345 is removably coupled to the mechanical slip body 2360 by a standard 
threaded connection. 

The load mandrel 2345 preferably includes a fluid passage 2415 that is 
adapted to convey fltiidic materials from the fluid passage 2405 to the region 
5 outside of the apparatus 2300. In a preferred embodiment, the fluid passage 
2415 is adapted to convey fluidic materials such as, for example, cement, epoxy, 
water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 2355 is coupled to the outer sealing mandrel 2350. 

10 The expansion cone 2355 is also movably coupled to the inner stutface of the 
casing 2375, In this manner, the upper sealing head 2335, outer sealing 
mandrel 2350, and the expansion cone 2355 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2355 catises the casing 2375 to expand 
in the radial direction. 

15 The expansion cone 2355 preferably comprises an annular member 

having substantially cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
surface ranges from about 3 to 28 inches in order to optimally provide radial 

20 expansion of the typical casings. The axial length of the expansion cone 2355 
may range, for example, from about 2 to 8 times the largest outside diameter of 
the expansion cone 2355. In a preferred embodiment, the axial length of the 
expansion cone 2355 ranges from about 3 to 5 times the largest outside 
diameter of the expansion cone 2355 in order to optimally provide stabiUty and 

25 centralization of the expansion cone 2355 during the expansion process. In a 
preferred embodiment, the angle of attack of the expansion cone 2355 ranges 
from about 5 to 30 degrees in order to optimally frictional forces with radial 
expansion forces. The optimimi angle of attack of the expansion cone 2355 will 
vary as a function of the operating parameters of the particular expansion 

30 operation. 

The expansion cone 2355 may be fabricated from any niunber of 
conventional conmiercially available materials such as, for example, machine 
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tool steel, nitride steel, titanium, tungsten carbide, ceramics or other similar 
hi^ strength materials. In a preferred embodiment, the expansion cone 2355 
is fabricated from D2 machine tool steel in order to optimally provide high 
strength, abrasion resistance, and galling resistance. In a particularly preferred 
5 embodiment, the outside surface of the expansion cone 2355 has a surface 
hardness ranging from about 68 to 62 Rockwell C in order to optimaUy provide 
high strength, abrasion resistance, resistance to galling. 

The expansion cone 2355 may be coupled to the outside sealing mandrel 
2350 using any niunber of conventional commercially available mechanical 

10 couplings such as, for example, drillpipe connection, oUfield country tubular 
goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded coimection. In a preferred embodiment, the expansion cone 
2355 is coupled to the outside sealing mandrel 2350 tising a standard threaded 
connection in order to optimally provide high strength and permit the 

15 expansion cone 2355 to be easily replaced. 

The mandrel launcher 2480 is coupled to the casing 2375. The mandrel 
laimcher 2480 comprises a tubular section of casing having a reduced wall 
thickness compared to the casing 2375. In a preferred embodiment, the wall 
thickness of the mandrel latmcher 2480 is about 50 to 100 % of the wall 

20 thickness of the casing 2375. In this manner, the initiation of tiie radial 

expansion of the casing 2375 is facilitated, and the placement of the apparatus 
2300 into a wellbore casing and wellbore is facilitated. 

The mandrel launcher 2480 may be coupled to the casing 2375 using any 
niunber of conventional mechanical couplings. The mandrel laimcher 2480 may 

25 have a waU thickness ranging, for example, from about 0.15 to 1.5 inches. In a 
preferred embodiment, the waU thickness of the mandrel launcher 2480 ranges 
from about 0.25 to 0*75 inches in order to optimally provide hi^ strength in a 
minimal profile. The mandrel launcher 2480 may be fabricated from any 
niunber of conventional commercially available materials such as, for example, 

30 oilfield tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the mandrel 
launcher 2480 is fabricated from oilfield tubular goods having a higher strength 
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than that of the casing 2375 but with a smalls wall thickness than the casing 
2375 in order to optimally provide a thin walled container having approximately 
the same burst strength as that of the casing 2375* 

The mechanical slip body 2460 is coupled to the load mandrel 2345» the 
5 mechanical slips 2365, and the drag blocks 2370. The mechanical slip body 
2460 preferably comprises a tubular member having an ixmer passage 2485 
fluidicly coupled to the passage 2415. In this manner, fluidic materials may be 
conveyed firom the passage 2484 to a region outside of the apparatus 2300. 

The mechanical slip body 2360 may be coupled to the load mandrel 2345 
10 using any nimokber of conventional mechanical couplings. In a preferred 
embodiment, the mechanical slip body 2360 is removably coupled to the load 
mandrel 2345 using threads and sliding steel retaining rings in order to 
optimally provide a high strength attachment. The mechanical shp body 2360 
may be coupled to the mechanical slips 2365 using any number of conventional 
15 mechanical couplings* In a preferred embodiment, the mechanical slip body 
2360 is removably coupled to the mechanical slips 2365 using threads and 
sliding steel retaining rings in order to optimally provide a high strength 
attachment The mechanical slip body 2360 may be coupled to the drag blocks 
2370 using any ntmiber of conventional mechanical couplings. In a preferred 
20 embodiment, the mechanical sUp body 2360 is removably coupled to the drag 
blocks 2365 using threads and sliding steel retaining rings in order to optimally 
provide a hi^ strength attachment. 

The mechanical slips 2365 are coupled to the outside surface of the 
mechanical sUp body 2360. During operation of the apparatus 2300, the 
25 mechanical slix>s 2365 prevent upward movement of the casing 2375 and 
mandrel laimch^ 2480. In this manner, during the axial reciprocation of the 
expansion cone 2355, the casing 2375 and mandrel launcher 2480 are 
maintained in a substantially stationary position. In this manner, the mandrel 
launcher 2480 and casing 2375 are expanded in the radial direction by the axial 
30 movement of the expansion cone 2355. 

The mechanical slips 2365 may comprise any number of conventional 
commercially available mechanical slips such as, for example, RTTS packer 
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tungsten carbide mechanical slips, RTTS packer wicker type mechanical slips or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. In a 
preferred embodiment, the mechanical slips 2365 comprise RTTS packer 
tungsten carbide mechanical slips available from Halliburton Energy Services 
5 in order to optimally provide resistance to axial movement of the casing 2375 
dining the expansion process. 

The drag blocks 2370 are coupled to the outside surface of the 
mechanical slip hody 2360. During operation of the apparatus 2300, the drag 
blocks 2370 prevent upward movement of the casing 2375 and mandrel 

10 launcher 2480. In this manner, during the axial reciprocation of the expansion 
cone 2355, the casing 2375 and mandrel launcher 2480 are maintained in a 
substantially stationary position. In iMs manner, the mandrel launcher 2480 
and casing 2375 are expanded in the radial direction by the axial movement of 
the expansion cone 2355. 

15 The drag blocks 2370 may comprise any number of conventional 

commercially available mechanical slips such as, for example, RTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. In a 
preferred embodiment, the drag blocks 2370 comprise RTTS packer mechanical 
drag blocks available from Halliburton Energy Services in order to optimally 

20 provide resistance to axial movement of the casing 2375 during the expansion 
process. 

The casing 2375 is coupled to the mandrel latmcher 2480. The casing 
2375 is further removably coupled to the mechanical slips 2365 and drag blocks 
2370. The casing 2375 preferably comprises a tubular member. The casing 

25 2375 may be fabricated from any number of conventional commercially 

available materials such as, for example, slotted tubulars, oil country tubular 
goods, carbon steel, low alloy steel, stainless steel or other similar hi^ strength 
materials. In a preferred embodiment, the casing 2375 is fabricated from 
oilfield coimtry tubular goods available from various foreign and domestic steel 

30 miUs in order to optimally provide high strength. In a preferred embodiment, 
the upper end of the casing 2375 includes one or more sealing members 
positioned about the exterior of the casing 2375. 
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During operation, the apparatus 2300 is positioned in a wellbore with the 
upper end of the casing 2375 positioned in an overlapping relationship within 
an existing wellbore casing. In order minimize surge pressures within the 
borehole diuing placement of the apparatus 2300, the fluid passage 2380 is 
5 preferably provided with one or more pressure relief passages. During the 
placement of the apparatus 2300 in the wellbore, the casing 2375 is supported 
by the expansion cone 2355. 

After positioning of the apparatus 2300 within the bore hole in an 
overlapping relationship with an existing section of weObore casing, a first 

10 fluidic material is pumped into the fluid passage 2380 from a surface location. 
The first fluidic material is conveyed from the flmd passage 2380 to the fluid 
passages 2385, 2390, 2395, 2405, 2415, and 2485. The first flmdic material will 
then exit tlxe apparatus 2300 and fill the annular region between the outside of 
the apparatus 2300 and the interior walls of the bore hole. 

15 The first fluidic material may comprise any number of conventional 

commercially available materials such as, for example, epo^, drilling mud, slag 
mix, cement, or water. In a preferred embodiment, the first fltudic material 
comprises a hardenable fluidic sealing material such as, for example, slag mix, 
epo^, or cement. In this manner, a wellbore casing having an outer annular 

20 layer of a hardenable material may be formed. 

The first fluidic material may be pxunped into the apparatus 2300 at 
operating pressiffes and flow rates ranging, for example, firom about 0 to 4,500 
psi, and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidic 
material is pimiped into the apparatus 2300 at operating pressures and flow 

25 rates ranging from about 0 to 3,500 psi and 0 to 1,200 gaUons/minute in order 
to optimally provide operational efficiency. 

At a predetermined point in the ixyection of the first fluidic material such 
as, for example, after the annidar region outside of the apparatus 2300 has been 
filled to a predetermined level, a plug 2470, dart, or other similar device is 

30 introduced into the first fluidic material. The plug 2470 lodges in the throat 
passage 2465 thereby fluidicly isolating the fluid passage 2405 from the fluid 
passage 2415. 
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After placement of the plug 2470 in the throat passage 2465, a second 
flnidic material is pumped into the fluid passage 2380 in order to pressurize the 
pressure chamber 2475. The second fluidic material may comprise any number 
of conventional commerdaily available materials such as, for example, water, 
5 drilling gases, drilling mud or lubricants. In a preferred embodiment, the 
second fluidic material comprises a non-hardenable fluidic material such as, for 
example, water, drilling mud or lubricant. 

The second fluidic material may be pumped into the apparatus 2300 at 
operating pressiu-es and flow rates ranging, for example, from about 0 to 4,500 
10 psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the second 
fluidic material is pumped into the apparatus 2300 at operating pressures and 
flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in 
order to optimally provide operational effldency. 

The pressurization of the pressiure chamber 2475 causes the upper 
15 sealing head 2335, outer sealing mandrel 2350, and expansion cone 2355 to 
move in an axial direction. The pressurization of the pressiu*e chamber 2475 
also causes the hydraulic slips 2325 to expand in the radial direction and hold 
the casing 2375 in a substantially stationary position. Furthermore, as the 
expansion cone 2355 moves in the axial direction, the expansion cone 2355 pulls 
20 the mandrel laimcher 2480 and drag blocks 2370 along, which sets the 
mechanical slips 2365 and stops further axial movement of the mandrel 
launcher 2480 and casing 2375. In this manner, the axial movement of the 
expansion cone 2355 radially expands the mandrel launcher 2480 and casing 
2375. 

25 Once the upper sealing head 2335, outer sealing mandrel 2350, and 

expansion cone 2355 complete an axial stroke, the operating pressure of the 
second fluidic material is reduced. The reduction in the operating pressure of 
the second fluidic material releases the hydraulic slips 2325. The drill string 
2305 is then raised. This causes the inner sealing mandrel 2330, lower sealing 

30 head 2340, load mandrel 2345, and mechanical slip body 2360 to move upward. 
This unsets the mechanical slips 2365 and permits the mechanical slips 2365 
and drag blocks 2370 to be moved within the memdrel launcher 2480 and casing 
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2375. When the lower sealing head 2340 contacts the upper sealing head 2335, 
the second fluidic material is again pressurized and the radial expansion process 
continues. In this manner, the mandrel launcher 2480 and casing 2375 are 
radial expanded through repeated axial strokes of the upper sealing head 2335, 
5 outer sealing mandrel 2350 and expansion cone 2355. Throughput the radial 
expansion process, the upper end of the casing 2375 is preferably maintained in 
an overlapping relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 
2375 is expanded into intimate contact with the inside siirface of the lower end 

10 of the existing wellbore casing. In a preferred embodiment, the sealing 
members provided at the upper end of the casing 2375 provide a fluidic seal 
between the outside surface of the upper end of the casing 2375 and the inside 
surface of the lower end of the existing wellbore casing. In a preferred 
embodiment, the contact pressmre between the casing 2375 and the existing 

15 section of wellbore casing ranges from about 400 to 10,000 psi in order to 
optimally provide contact pressure, activate the sealing members, and 
withstand typical tensile and compressive loading conditions. 

In a preferred embodiment, as the expansion cone 2355 nears the upper 
end of the casing 2375, the operating pressmre of the second fluidic material is 

20 reduced in order to minimize shock to the apparatus 2300. In an alternative 
embodiment, the apparatus 2300 includes a shock absorber for absorbing the 
shock created by the completion of the radial expansion of the casing 2375. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2355 

25 nears the end of the casing 2375 in order to optimally provide reduced axial 
movement and velodfy of the expansion cone 2355. In a preferred embodiment, 
the operating pressure of the second fltiidic material is reduced during the 
retmn stroke of the apparatus 2300 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2355 during the 

30 return stroke. In a preferred enDd)odiment, the stroke length of the apparatus 
2300 ranges from about 10 to 45 feet in order to optimally provide eqviipment 
that can be handled by typical oil well rigging equipment and minimize the 
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frequency at which the expansion cone 2355 must be stopped to permit the 
apparatus 2300 to be re-stroked. 

In an alternative embodiment, at least a portion of the upper sealing 
head 2335 includes an expansion cone for radially expanding the mandrel 
5 laxmcher 2480 and casing 2375 during operation of the apparatus 2300 in order 
to increase the surface area of the casing 2375 acted upon dtning the radial 
expansion process. In this manner, the operating presstu*es can be reduced. 

In an alternative embodiment, mechanical slips 2365 are positioned in an 
axial location between the sealing sleeve 2315 and the iimer sealing mandrel 
10 2330 in order to optimally the construction and operation of the apparatus 
2300. 

Upon the complete radial expansion of the casing 2375, if appUcable, the 
first fluidic material is permitted to cure within the annular region between the 
outside of the expanded casing 2375 and the interior walls of the wellbore. In 

15 the case where the casing 2375 is slotted, the ciured fluidic material preferably 
permeates and envelops the expanded casing 2375. In this manner, a new 
section of wellbore casing is formed within a weUbore. Alternatively, the 
apparatus 2300 may be used to join a Grst section of pipeUne to an existing 
section of pipeline. Alternatively, the apparatus 2300 may be used to directiy 

20 line the interior of a wellbore with a casing, without the use of an outer annular 
layer of a hardenable material. Alternatively, the apparatus 2300 may be used 
to expand a tubular support member in a hole. 

During the radial expansion process, the pressurized areas of the 
^paratus 2300 are limited to the fluid passages 2380, 2385, 2390, 2395, 2400, 

25 2405, and 2410, and the pressure chamber 2475. No fluid pressure acts directly 
on the mandrel laimcher 2480 and casing 2376. This permits the use of 
operating pressures higher than the mandrel laimcher 2480 and casing 2375 
coidd normally withstand. 

Referring now to Figure 18, a preferred embodiment of an apparatus 

30 2500 for forming a mono-diameter wellbore casing will be described. The 
apparatus 2500 preferably includes a drillpipe 2505, an innerstring adapter 
2510, a sealing sleeve 2515, a hydraxilic slip body 2520, hydrauhc sUps 2525, an 

. 148. 



25791.23.02 



inner sealing mandrel 2530, upper sealing head 2535, lower sealing head 2540, 
outer sealing mandrel 2545, load mandrel 2550, expansion cone 2555, casing 
2560, and fluid passages 2565, 2570, 2575, 2580, 2585, 2590, 2595, and 2600. 
The drillpipe 2505 is coupled to the innerstring adapter 2510. During 
5 operation of the apparatus 2500, the drillpipe 2505 supports the apparatus 
2500. The drillpipe 2505 preferably comprises a substantially hollow tubular 
member or members. The drillpipe 2505 may be fabricated from any ntunber of 
conventional commercially available materials such as, for example, oilfield 
coimtry tubular goods, low alloy steel, carbon steel, stainless steel or other 

10 similar high strength materials. In a preferred embodiment, the drillpipe 2505 
is fabricated firom coiled tubing in order to fadliate the placement of the 
apparatus 2500 in non-vertical wellbores. The drillpipe 2505 may be coupled to 
the innerstring adapter 2510 using any number of conventional commercially 
available mechanical couplings such as, for example, driUpipe connection, 

15 oilfield coimtry tubidar goods specialty threaded connection, or a standard 
threaded connection. In a preferred embodiment, the drillpipe 2505 is 
removably coupled to the innerstring adapter 2510 by a drillpipe connection, a 
drillpipe connection provides the advantages of hi^ strength and easy 
disassembly. 

20 The drillpipe 2505 preferably includes a fluid passage 2565 that is 

adapted to conyey fluidic materials from a surface location into the fluid 
passage 2570. In a preferred embodiment, the fluid passage 2565 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling 
mud, or lubricants at operating pressures and flow rates ranging from about 0 

25 to 9,000 psi and 0 to 3,000 gallons/minute. 

The innerstring adapter 2510 is coupled to the drill string 2505 and the 
sealing sleeve 2515. The innerstring adapter 2510 preferably comprises a 
substantiaUy hollow tubular member or members. The innerstring adapter 
2510 may be fabricated from any niunber of conventional commercially 

30 available materials such as, for example, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar hi^ strength materials. 
In a preferred embodiment, the iimerstring adapter 2510 is fabricated from 
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stainless steel in order to optimally provide high strength, corrosion resistance, 
and low firiction surfaces. 

The innerstring adapter 2510 may be coupled to the drill string 2505 
using any number of conventional commercially available mechanical couplings 
5 such as, for example, drillpipe connection, oilfield coimtry tubular goods 
specialty type threaded coimeddon, or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 2510 is removably coupled to 
the drill pipe 2505 by a drillpipe connection. The iimerstring adapter 2510 may 
be coupled to the sealing sleeve 2515 using any number of conventional 

10 commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty type threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 2510 is removably coupled to 
the sealing sleeve 2515 by a standard threaded coimection. 

15 The innerstring adapter 2510 preferably includes a fluid passage 2570 

that is adapted to convey fluidic mat^ials firom the fluid passage 2565 into the 
fluid passage 2575, In a preferred embodiment, the fluid passage 2570 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging firom 

20 about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The sealing sleeve 2515 is coupled to the iimerstring adapter 2510 and 
the hydrauhc slip body 2520. The sealing sleeve 2515 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 2515 may 
be fabricated fi-om any niunber of conventional commercially available 

25 materials such as, for example, oilfield country tubtilar goods, low alloy steel, 
carbon steel, stainless steel or other similar high strength materials. In a 
preferred embodiment, the sealing sleeve 2515 is fabricated firom stainless steel 
in order to optimally provide hi^ strength, corrosion resistance, and low- 
friction surfaces. 

30 The sealing sleeve 2515 may be coupled to the iimerstring adapter 2510 

using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe coimections, oilfield coimtry tubular goods 
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specially type threaded coniiGction, ratchet-latch type threaded connection, or a 
standard threaded connection. In a preferred embodiment^ the sealing sleeve 
2515 is removably coupled to the innerstring adapter 2510 by a standard 
threaded connection. The sealing sleeve 2515 may be coupled to the hydraulic 
5 slip body 2520 using any nxmiber of conventional commercially available 

mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
sealing sleeve 2615 is removably coupled to the hydraulic slip bo^ 2520 by a 

10 standard threaded connection. 

The sealing sleeve 2515 preferably includes a fluid passage 2575 that is 
adapted to convey fluidic materials &om the fluid passage 2570 into the fluid 
passage 2580. In a preferred embodiment, the fliud passage 2575 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling 

15 mud or lubricants at operating pressures and flow rates ranging firom about 0 to 
9,000 psi and 0 to 3,000 gallons/minute. 

The hydraulic slip body 2520 is coupled to the sealing sleeve 2515, the 
hydraulic slips 2525, and the inner sealing mandrel 2530. The hydraulic slip 
body 2520 preferably comprises a substantially hollow tubular member or 

20 members. The hydraulic slip body 2520 may be fabricated from any niunber of 
conventional commercially available materials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, stainless steel or other 
sinular high strength materials. In a preferred embodiment, the hydraulic slip 
body 2520 is fabricated from carbon steel in order to optimaUy provide hi^ 

25 strength. 

The hydraulic slip body 2520 may be coupled to the sealing sleeve 2515 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection or a 
30 standard threaded connection. In a preferred embodiment, the hydraulic sUp 
body 2520 is removably coupled to the sealing sleeve 2515 by a standard 
threaded connection. The hydraulic sUp body 2520 may be coupled to the slips 
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2525 using any number of conventional commercially available mechanical 
couplings such as, for example, threaded connection or welding. In a preferred 
embodiment, the hydraulic slip body 2520 is removably coupled to the slips 
2525 by a threaded connection. The hydratilic slip hody 2520 may be coupled to 
5 the inner sealing mandrel 2530 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, 
oilfield coimtry tubular goods specialty type threaded connection, welding, 
amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2520 is removably coupled to the inner 

10 sealing mandrel 2530 by a standard threaded connection. 

The hydraulic slips body 2520 preferably includes a fluid passage 2580 
that is adapted to convey fluidic materials from the fluid passage 2575 into the 
fluid passage 2590. In a preferred embodiment, the fluid passage 2580 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 

15 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The hydraulic slips body 2520 preferably includes fluid passages 2585 
that are adapted to convey fluidic materials from the fluid passage 2580 into the 
pressure chambers of the hydraulic slips 2525. In this manner, the slips 2525 

20 are activated upon the pressurization of the fluid passage 2580 into contact 
with the inside surface of the casing 2560. In a preferred embodiment, the fluid 
passages 2585 are adapted to convey fluidic materials such as, for example, 
water, drilling mud or lubricants at operating pressing and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

25 The slips 2525 are coupled to the outside stirface of the hydrauUc slip 

body 2520. During operation of the apparatus 2500, the sUps 2525 are activated 
upon the pressurization of the fluid passage 2580 into contact with the inside 
surface of the casing 2560. In this manner, the slips 2525 maintain the casing 
2560 in a substantially stationary position. 

30 The slips 2525 preferably include the fluid passages 2585, the pressxire 

chambers 2605, spring bias 2610, and slip members 2615. The sUps 2525 may 
comprise any number of conventional commercially available hydraulic slips 
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such as, for example, RTTS packer tungsten carbide h3rdraulic slips or Model 3L 
retrievable bridge plug ^th hydraulic slips. In a preferred embodiment, the 
slips 2525 comprise RTTS packer tungsten carbide hydraulic slips available 
from Halliburton Bn^gy Services in order to optimally provide resistance to 
5 axial movement of the casing 2560 during the expansion process. 

The inn^ sealing mandrel 2530 is coupled to the hydraulic slip body 
2520 and the lower sealing head 2540. The inner sealing mandrel 2530 
preferably comprises a substantially hollow tubular member or members. The 
inner sealing mandrel 2530 may be fabricated from any number of conventional 

10 commerdaUy available materials such as, for example, oilfield coimtry tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the inner sealing mandrel 2530 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

15 The inner sealing mandrel 2530 may be coupled to the hydrauUc slip 

body 2520 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubvdar 
goods specially lype threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the inner sealing 

20 mandrel 2530 is removably coupled to the hydraulic shp body 2520 by a 

standard threaded connection. The inner sealing mandrel 2530 may be coupled 
to the lov^r sealing head 2540 using any number of conventional conunercially 
available mechanical couplings such as, for example, oilfield country tubular 
goods specialty type threaded connection, drillpipe connection, welding, 

25 amorphous bonding, or a standard threaded coimection. In a preferred 

embodiment, the inner sealing notandrel 2530 is removably coupled to the lower 
sealing head 2540 by a standard threaded connection. 

The inner sealing mandrel 2530 preferably includes a fluid passage 2590 
that is adapted to convey fluidic materials from the fluid passage 2580 into the 

30 fluid passage 2600. In a preferred embodiment, the fluid passage 2590 is 

adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
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drilling mud or lubricants at operating pressiures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The upper sealing head 2535 is coupled to the outer sealing mandrel 
2545 and expansion cone 2555. The upper sealing head 2535 is also movably 
5 coupled to the outer surface of the inner sealing mandrel 2530 and the inner 
surface of the casing 2560. In this manner, the upper sealing head 2535 
reciprocates in the axial direction. The radial clearance between the inner 
cylindrical surface of the upper sealing head 2535 and the outer surface of the 
inner sealing mandrel 2530 may range, for example, from about 0.0025 to 0.05 

10 inches. In a preferred embodiment, the radial clearance between the inner 
cylindrical surface of the upper sealing head 2535 and the outer surface of the 
inner sealing mandrel 2530 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal radial clearance. The radial clearance between the 
outer cylindrical surface of the upper sealing head 2535 and the inner surface of 

15 the casing 2560 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer cylindrical 
surface of the upper sealing head 2535 and the inner surface of the casing 2560 
ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 2535 during the expansion process. 

20 The upper sealing head 2535 preferably comprises an annular member 

having substantially cylindrical inner and outer surfaces. The upper sealing 
head 2535 may be fabricated from any nxmxber of conventional commercially 
available materials such as, for example, oilfield country tubular goods, ow alloy 
steel, carbon steel, stainless steel or other similar high strength materials. In a 

25 preferred embodiment, the upper sealing head 2535 is fabricated from stainless 
steel in order to optimally provide hi^ strength* corrosion resistance, and low 
friction smfaces. The inner smface of the upper sealing head 2535 preferably 
includes one or more annular sealing members 2620 for sealing the interface 
between the upper sealing head 2535 and the inner sealing mandrel 2530. The 

30 sealing members 2620 may comprise any niunber of conventional commercially 
available annular sealing members such as, for example, o-rings, polypak seals, 
or metal spring energized seals. In a preferred embodiment, the sealing 
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members 2620 comprise polypak seals available froin Parker Seals in order to 
optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2535 includes a 
shoulder 2625 for supporting the upper sealing head 2535, outer sealing 
5 mandrel 2545, and expansion cone 2555 on the lower sealing head 2540. 
The upper sealing head 2535 may be coupled to the outer sealing 
mandrel 2545 using any mmiber of conventional commercially available 
mechanical couplings such as, for example, oilfield coimtry tubular goods 
spedaliy threaded connection, pipeline connection, welding, amorphous 

10 bonding, or a standard threaded connection. In a preferred embodiment, the 
upper sealing head 2535 is removably coupled to the outer sealing mandrel 2545 
by a standard threaded connection. In a preferred embodiment, the 
mechanical coupling between the upper sealing head 2535 and tiie outer sealing 
mandrel 2545 includes one or more sealing members 2630 for fluidicly sealing 

15 the interface between tiie upper sealing head 2535 and the outer sealing 
mandrel 2545. The sealing members 2630 may comprise any number of 
conventional commercially available sealing members such as, for example, o- 
rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2630 comprise polypak seals available from 

20 Parker Seals in order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 is coupled to the inner sealing mandrel 2530 
and the load mandrel 2550. The lower sealing head 2540 is also movably 
coupled to the inner surface of the outer sealing mandrel 2545. In this manner, 
the upper sealing head 2535, outer sealing mandrel 2545, and expansion cone 

25 2555 reciprocate in the axial direction. 

The radial clearance between the outer surface of the lower sealing head 
2540 and the inner surface of the outer sealing mandrel 2545 may range, for 
example, from about 0.0025 to 0.05 inches. In a preferred embodiment, the 
radial clearance between the outer siuf ace of the lower sealing head 2540 and 

30 the iimer surface of the outer sealing mandrel 2545 ranges from about 0.005 to 
0.01 inches in order to optimally provide minimal radial clearance. 
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The lower sealing head 2540 preferably comprises an annular member 
having substantially cylindrical inner and outer sxufaces. The lower sealing 
he£Ld 2540 may be fabricated firom any number of conventional commercially 
available materials such as, for example, oilfield coimtry tubular goods, low 
5 alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the lower sealing head 2540 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. The outer surface of the lower sealing head 2540 
preferably includes one or more annular sealing members 2635 for sealing the 

10 interface between the lower sealing head 2540 and the outer sealing mandrel 
2545. The sealing members 2635 may comprise any ntunber of conventional 
commercially available annular sealing members such as, for example, o-rings, 
polypak seals, or metal spring energized seals. In a preferred embodiment, the 
sealing members 2635 comprise polypak seals available from Parker Seals in 

15 order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 may be coupled to the inner sealing mandrel 
2530 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connections, oilfield country tubular 
goods specialty threaded connection, or a standard threaded coimection. In a 

20 preferred embodiment, the loAieer sealing head 2540 is removably coupled to the 
inner sealing mandrel 2530 by a standard threaded connection* In a preferred 
embodiment, the mechanical coupling between the lower sealing head 2540 and 
the inner sealing mandrel 2530 includes one or more sealing members 2640 for 
flmdidy sealing the interface between the lower sealing head 2540 and the 

25 inner sealing mandrel 2530. The sealing members 2640 may comprise any 
nimiber of conventional commercially available sealing members such as, for 
example, o-rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2640 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

30 The lower sealing head 2540 may be coupled to the load mandrel 2550 

using any number of conventional conamerdally available mechanical couplings 
such as, for example, drillpipe connection, oilfield coimtry tubular goods 
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specialty type threaded connection, welding, amorphotis bonding or a standard 
threaded connection. In a preferred embodiment, the lower sealing head 2540 
is removably coupled to the load mandrel 2550 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
5 lower sealing head 2540 and the load mandrel 2550 includes one or more 
sealing members 2645 for fluidicly sealing the interface between the lower 
sealing head 2540 and the load mandrel 2550. The sealing members 2645 may 
comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
10 preferred embodiment, the sealing members 2645 comprise polypak seals 

available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

In a preferred embodiment, the lower sealing head 2540 includes a throat 
passage 2650 fluidicly coupled between the fluid passages 2590 and 2600. The 

15 throat passage 2650 is preferably of reduced size and is adapted to receive and 
engage with a plug 2655, or other similar device. In this manner, the fluid 
passage 2590 is fluidicly isolated from the fluid passage 2600. In this manner, 
the presstare chamber 2660 is pressurized. 

The outer sealing mandrel 2545 is coupled to the upper sealing head 

20 2535 and the expansion cone 2555. The outer sealing mandrel 2545 is also 

movably coupled to the inner surface of the casing 2560 and the outer surface of 
the lower sealing head 2540. In this manner, the upper sealing head 2535, 
outer sealing mandrel 2545, and the expansion cone 2555 reciprocate in the 
axial direction. The radial clearance between the outer sinrface of the outer 

25 sealing naandrel 2545 and the inner surface of the casing 2560 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
radial clearance between the outer surface of the outer sealing mandrel 2545 
and the inner siurface of the casing 2560 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilization for the expansion cone 2535 

30 during the expansion process. The radial clearance between the inner surface 
of the outer sealing mandrel 2545 and the outer surface of the lower sealing 
head 2540 may range, for example, from about 0.005 to 0.01 inches. In a 
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preferred embodiment, the radial clearance between the inner surface of the 
outer sealing mandrel 2546 and the outer surface of the lower sealing head 2640 
ranges from about 0.005 to 0.01 inches in order to optimally provide minimal 
radial clearance. 

5 The outer sealing mandrel 2545 preferably comprises an annular 

member having substantially cylindrical inner and outer surfaces. The outer 
sealing mandrel 2545 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfidd country tubular 
goods, low alloy steel, carbon steel, stainless steel or btiier similar hi^ strength 

10 materials. In a preferred embodiment, the outer sealing mandrel 2545 is 
fabricated from stainless steel in order to optimally provide hi^ strength, 
corrosion resistance, and low friction surfaces. 

The outer sealing mandrel 2545 may be coupled to the upper sealing 
head 2535 using any numbra- of conventional commercially available mechanical 

15 couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded coimection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the outer sealing 
mandrel 2545 is removably coupled to the upper sealing head 2535 by a 
standard threaded connection. The outer sealing mandrel 2545 may be coupled 

20 to the expansion cone 2555 using any number of conventional cormnerdally 
available mechanical couplings such as, for example, drillpipe connection, 
oilfield coimtry tubular goods specialty type threaded connection, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the outer sealing mandrel 2545 is removably coupled to the 

25 expansion cone 2555 by a standard threaded connection. 

The upper sealmg head 2535, the lower sealing head 2540, the inner 
sealing mandrel 2530, and the outer sealing mandrel 2545 together define a 
pressure chamber 2660. The pressure chamber 2660 is fiuididy coupled to the 
passage 2590 via one or more passages 2595. During operation of the apparatus 

30 2500, the plug 2655 engages with the throat passage 2650 to fiuidicty isolate the 
fluid passage 2590 from the fluid passage 2600. The pressure chamber 2660 is 
then pressurized which in turn causes the upper sealing head 2635, outer 
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sealing mandrel 2545, and expansion cone 2555 to reciprocate in the asial 
direction. The axial motion of tiie expansion cone 2555 in turn expands the 
casing 2560 in the radial direction. 

The load mandrel 2550 is coupled to the lower sealing head 2540. The 
5 load mandrel 2550 preferably comprises an atmular member having 

substantially cylindrical inn^ and outer surfaces. The load mandrel 2550 may 
be fabricated &om any nimober of conventional commercially available 
nmterials such as, for example, oilfield coimtry tubiilar goods, low alloy steel, 
carbon steel, staixiless steel or other similar high strength materials. In a 
10 preferred embodiment, the load mandrel 2550 is fabricated from stainless steel 
in order to optimally provide hi|^ strength, corrosion resistance, and low 
firiction sturfaces. 

The load mandrel 2550 may be coupled to the lower sealing head 2540 
using any nim:iber of conventional commercially available mechanical couplings 

15 such as, for example, oilfield country tubular goods, drillpipe connection, 

welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the load mandrel 2550 is removably coupled to the lower sealing 
head 2540 by a standard threaded connection. 

The load mandrel 2550 preferably includes a fluid passage 2600 that is 

20 adapted to convey fluidic materials from the fluid passage 2590 to the region 
outside of the £^par atus 2500. In a preferred embodiment, the fluid passage 
2600 is adapted to convey flmdic materials such as, for example, cement, epoxy, 
water, drilling mud, or lubricants at operating pressmres and flow rates ranging, 
for example, fi*om about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

25 The expansion cone 2555 is coupled to the outer sealing mandrel 2545. 

The expansion cone 2555 is also movably coupled to Hie inner surface of the 
casing 2560. In this manner, the upper sealing head 2535, outer sealing 
mandrel 2545, and the expansion cone 2555 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2555 causes the casing 2560 to expand 

30 in the radial direction. 

The expansion cone 2555 preferably comprises an annular member 
having substantially cylindrical inner and conical outer smiaces. The outside 
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radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
surface ranges from about 3 to 28 in order to optimally provide radial expansion 
for the widest variety of tubular casings. The axial length of the expansion cone 
5 2555 may range, for example, from about 2 to 8 times the largest outside 
diameter of the expansion cone 2535. In a preferred embodiment, the axial 
length of the expansion cone 2535 ranges from about 3 to 5 times the largest 
outside diameter of the expansion cone 2535 in order to optimally provide 
stabilization and centralization of the expansion cone 2535 during the 

10 expansion process. In a particularly preferred embodiment, the maximum 
outside diameter of the expansion cone 2555 is between about 95 to 99 % of the 
inside diameter of the existing wellbore that the casing 2560 wiU be joined with. 
In a preferred embodiment, the angle of attack of the expansion cone 2555 
ranges from about 5 to 30 degrees in order to optimally balance frictional forces 

15 and radial expansion forces. The optimum angle of attack of the expansion cone 
2535 will vary as a function of the particular operational features of the 
expansion operation. 

The expansion cone 2555 may be fabricated from any number of 
conventional commercially available materials such as, for example, machine 

20 tool steel, nitride steel, titanium, tungsten carbide, ceramics or other similar 
high strength materials. In a preferred embodiment, the expansion cone 2555 
is fabricated from D2 machine tool steel in order to optimally provide high 
strength, and resistance to wear and galling. In a particularly preferred 
embodiment, the outside surface of the expansion cone 2555 has a siurface 

25 hardness ranging from about 58 to 62 Rockwell C in order to optimally provide 
high strength and wear resistance. 

The expansion cone 2555 may be coupled to the outside sealing naandrel 
2545 using any number of conventional conrnxerdally available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 

30 goods specialty threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the expansion cone 2555 is 
coupled to the outside sealing mandrel 2545 using a standard threaded 
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connection in order to optimally provide high strengtii and easy replacement of 
the expansion cone 2555. 

The casing 2560 is removably coupled to the slips 2525 and expansion 
cone 2555. The casing 2560 preferably comprises a tubidar member. The 
5 casing 2560 may be fabricated from any nimiber of conventional commercially 
available materials such as, for example, slotted tubulars, oilfield country 
tubtdar goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. In a preferred embodiment, the casing 2560 is fabricated 
from oilfield country tubular goods available firom various foreign and domestic 
10 steel mills in prder to optimally provide high strength using standardized 
materials. 

In a preferred embodiment, the upper end 2665 of the casing 2560 
includes a thin wall section 2670 and an outer annular sealing member 2675. 
In a preferred embodiment, the wall thickness of the tiiin wall section 2670 is 

15 about 50 to 100 % of the regular wall thickness of the casing 2560. In this 
manner, the upper end 2665 of the casing 2560 may be easily radially expanded 
and deformed into intimate contact with the lower end of an existing section of 
weUbore casing. In a preferred embodiment, the lower end of the existing 
section of casing also includes a thin wall section. In this manner, the radial 

20 expansion of the thin walled section 2670 of casing 2560 into the thin walled 
section of the existing wellbore casing results in a weUbore casing having a 
substantially constant inside diameter. 

The annular sealing member 2675 may be fabricated fi-om any number of 
conventional commercially available sealing materials such as, for example, 

25 epoxy, rubber, metal, or plastic. In a preferred embodiment, the annular 

sealing member 2675 is fabricated firom StrataLock epo^ in order to optimally 
provide compressibiUty and resistance to wear. The outside diameter of the 
annular sealing member 2675 preferably ranges firom about 70 to 95 % of the 
inside diameter of the lower section of the wellbore casing that the casing 2560 

30 is joined to. In this manner, after radial expansion, the annular sealing member 
2670 optimally provides a fimdic seal and also preferably optimally provides 
sufficient fiictional force with the inside surface of t!he existing section of 
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wellbore casing during the radial expansion of the casing 2560 to support the 
casing 2560. 

In a preferred embodiment, the lower end 2680 of the casing 2560 
includes a thin wall section 2685 and an outer annular sealing member 2690. 
5 In a preferred embodiment, the wall thickness of the thin wall section 2685 is 
about 50 to 100 % of the regular wall thickness of the casing 2560. In this 
manner, the lower end 2680 of the casing 2560 may be easily expanded and 
deformed. Furthermore, in this manner, an other section of casing may be 
easily joined with the lower end 2680 of the casing 2560 using a radial 

10 expansion process. In a preferred embodiment, the upper end of the other 
section of casing also includes a thin wall section. In this manner, the radial 
expansion of the thm walled section of the upper end of the other casing into 
the thin walled section 2685 of the lower end 2680 of the casing 2560 results ia 
a wellbore casing having a substantially constant inside diameter. 

15 The anntdar sealing member 2690 may be fabricated from any number of 

conventional commercially available sealing materials such as, for example, 
rubber, metal, plastic or epoxy. In a preferred embodiment, the annular sealing 
member 2690 is fabricated from StrataLock epoxy in order to optimally provide 
compressibility and resistance to wear. The outside diameter of the annular 

20 sealing member 2690 preferably ranges from about 70 to 95 % of the inside 
diameter of the lower section of the existing wellbore casing that the casrag 
2560 is joined to. In this manner, after radial expansion, the annular sealing 
member 2690 preferably provides a fluidic seal and also preferably provides 
sufGdent Mctional force with the inside wall of the wellbore dining the radial 

25 expansion of the casing 2560 to support the casing 2560. 

During operation, the apparatus 2500 is preferably positioned in a 
wellbore with the upper end 2665 of the casing 2560 positioned in an 
overlapping relationship with the lower end of an existing wellbore casing. In a 
particularly preferred embodiment, the thin wall section 2670 of the casing 

30 2560 is positioned in opposing overlapping relation with the thin wall section 
aad outer annular sealing member of the lower end of the existing section of 
wellbore casing. In this maoner, the radial expansion of the casing 2560 will 
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compress the thin wall sections and annular compressible members of the upper 
end 2665 of the casing 2560 and the lower end of the existing wellbore casing 
into intimate contact During the positioning of the apparatus 2500 in the 
wellbore, the casing 2560 is supported by the expansion cone 2555. 
5 After positioning of the apparatus 2500, a first fluidic material is then 

pvimped into the fluid passage 2565. The first fluidic material may comprise 
any nimiber of conventional commercially available materials such as, for 
example, cement^ water, slag*mix, eporjr or drilling mud. In a preferred 
embodiment, the first fluidic material comprises a hardenable fluidic sealing 

10 material such as, for example, cement, epoxy, or slag-mix in order to optimally 
provide a hardenable outer annular body around the expanded casing 2560. 

The first fluidic material may be pumped into the fluid passage 2565 at 
operating pressures and flow rates ranging, for sample, fi*om about 0 to 4,500 
psi and 0 to 3,000 gallons/minute. In a preferred embodiment, the first flmdic 

15 material is pimaped into the fluid passage 2565 at operating pressures and flow 
rates ranging firom about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order 
to optimally provide operational efBciency. 

The first fluidic material pumped into the fluid passage 2565 passes 
through the fluid passages 2570, 2575, 2580, 2590, 2600 and then outside of the 

20 apparatus 2500. The first fluidic material then preferably fills the annular 
region between the outside of the apparatus 2500 and the interior walls of the 
wellbore. 

The plug 2655 is then introduced into the fluid passage 2565. The plug 
2655 lodges in the throat passage 2650 and fliudicly isolates and blocks off the 

25 fluid passage 2590. In a preferred embodiment, a couple of volumes of a non- 
hardenable fliudic material are then pumped into the fluid passage 2565 in 
order to remove any hardenable fltudic material contained within and to ensure 
that none of the fluid passages are blocked. 

A second fluidic material is then pumped into the flmd passage 2565. 

30 The second fluidic material may comprise any number of conventional 
commercially available materials such as, for example, wat^, drilling gases, 
drilling mud or lubricant. In a preferred embodiment, the second fluidic 

- 163 - 



25791.23.02 



material comprises a non-hardenable fluidic material such as, for example, 
watOT, drilling mud, or lubricant in order to optimally provide pressurization of 
the pressure chamber 2660 and minimize friction. 

The second fluidic material may be pmnped into the fluid passage 2565 at 
5 operating pressiu:es and flow rates ranging^ for example, from about 0 to 4,500 
psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the second 
fluidic material is pimiped into the fluid passage 2565 at operating pressures 
and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute 
in order to optimally provide operational efficiency. 

10 The second fluidic material pumped into the fluid passage 2565 passes 

through the fluid passages 2570, 2575, 2580, 2590 and into the pressure 
chambers 2605 of the sUps 2525, and into the pressure chamber 2660. 
Continued ptmiping of the second fluidic material pressurizes the pressure 
chambers 2605 and 2660. 

15 The pressurization of the pressiire chambers 2605 causes the shp 

members 2525 to expand in the radial direction and grip the interior siu^ace of 
the casing 2560. The casing 2560 is then preferably maintained in a 
substantially stationary position. 

The pressiuization of the pressure chamber 2660 causes the upper 

20 sealing head 2535, outer sealing mandrel 2545 and expansion cone 2555 to 
move in an axial direction relative to the casing 2560. In this manner, the 
expansion cone 2555 will cause the casing 2560 to expand in the radial 
direction, begizming with the lower end 2685 of the casing 2560. 

During the radial expansion process, the casing 2560 is prevented from 

25 moving in an upward direction by the slips 2525. A length of the casing 2560 is 
then expanded in the radial direction through the pressurization of the pressiire 
chamber 2660. The length of the casing 2560 that is expanded during the 
expansion process will be proportional to the stroke length of the upper sealing 
head 2535, outer sealing mandrel 2545, and expansion cone 2555. 

30 Upon the completion of a stroke, the operating pressure of the second 

fluidic material is reduced and the upper sealing head 2535, outer sealing 
mandrel 2545, and expansion cone 2555 drop to their rest positions with the 
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casing 2560 supported by the expansion cone 2555. The position of the drillpipe 
2505 is preferably adjusted throughout the radial expansion process in order to 
mflintain the overlapping relationship between the thin walled sections of the 
lower end of the existing wellbore casing and the upper end of the casing 2560. 
5 In a preferred embodiment, the stroking of the expansion cone 2555 is then 
repeated, as necessary, until the thin walled section 2670 of the upper end 2665 
of the casing 2560 is expanded into the thin vralled section of the lower end of 
the existing wellbore casing. In this manner, a wellbore casing is formed 
including two adjacent sections of casiug having a substantially constant inside 

10 diameter. This process may then be repeated for the entirety of the wellbore to 
provide a wellbore casing thousands of feet in length having a substantially 
constant inside diameter. 

In a preferred embodiment, during the final stroke of the expansion cone 
2555, the slips 2525 are positioned as dose as possible to the thin walled section 

15 2670 of the upper end 2665 of the casing 2560 in order minimize shppage 
between the casing 2560 and the existing wellbore casing at the end of the 
radial expansion process. Alternatively, or in addition, the outside diameter of 
the annular sealing member 2675 is selected to ensiure sufBcient interference fit 
with the inside diameter of the lower end of the existing casing to prevent axial 

20 displacement of the casiag 2560 during the final stroke. Alternatively, or in 
addition, the outside diameter of the annular sealing member 2690 is selected 
to provide an interference fit with the inside walls of the wellbore at an earlier 
point in the radial expansion process so as to prevent further axial displacement 
of the casing 2560. In this final alternative, the interference fit is preferably 

25 selected to pemut expansion of the casing 2560 by pulling the expansion cone 
2555 out of the wellbore, without having to pressurize the presstu*e chamber 
2660. 

Diuing the radial expansion process, the pressurized areas of the 
apparatus 2500 are preferably limited to the fluid passages 2565, 2570, 2575, 
30 2580, and 2590, the pressing chambers 2605 within the slips 2525, and the 
pressiure chamber 2660. No fluid pressure acts directly on the casing 2560. 
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This permits the use of operating pressures higher than the casing 2560 could 
normally withstand. 

Once the casing 2560 has been completely expanded off of the expansion 
cone 2555, the remaining portions of the apparatus 2500 are removed from the 
5 wellbore. In a preferred embodiment, the contact pressure between the 
deformed thin wall sections and compressible annular members of the lower 
end of the existing casing and the upper end 2665 of the casing 2560 ranges 
from about 400 to 10,000 psi in ord^ to optimally support the casing 2560 
using the existing wellbore casing. 

10 In this manner, the casing 2560 is radially expanded into contact with an 

existing section of casing by pressurizing the interior fluid passages 2565, 2570, 
2575, 2580, and 2590, the pressure chambers of the sUps 2605 and the pressure 
chamber 2660 of the apparatus 2500. 

In a preferred embodiment, as reqtiired, the annular body of hardenable 

15 flmdic material is then allowed to cure to form a rigid outer annular body about 
the expanded casing 2560. In the case where the casing 2560 is slotted, the 
cured fluidic material preferably permeates and envelops the expanded casing 
2560. The resulting new section of wellbore casing includes the expanded 
casing 2560 and the rigid outer annular body. The overlapping joint between 

20 the pre-existing wellbore casing and the expanded casing 2560 includes the 
deformed thin wall sections and the compressible outer annular bodies. The 
inner diameter of the resulting combined wellbore casings is substantially 
constant. In this manner, a mono-diameter wellbore casing is formed. This 
process of expanding overlapping tubular members having thin wall end 

25 portions with compressible annular bodies into contact can be repeated for the 
entire length of a wellbore. In this manner, a mono-diameter wellbore casing 
can be provided for thousands of feet in a subterranean formation. 

In a preferred embodiment, as the expansion cone 2555 nears the upper 
end 2665 of the casing 2560, the opiating pressure of the second fluidic 

30 material is reduced in order to minimize shock to the apparatus 2500, In an 
alternative embodiment, the apparatus 2500 includes a shock absorber for 
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absorbing^ the shock created by the coinpletion of the radial expansion of the 
casing 2560. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2555 
5 nears the end of the casing 2560 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 2555. In a preferred embodiment, 
the operating pressure of the second fluidic material is reduced dming the 
return stroke of the apparatus 2500 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2555 during the 
10 return stroke. In a preferred embodiment^ the stroke length of the apparatus 
2500 ranges from about 10 to 45 feet in order to optimally provide equipments 
lengths that can be easily handled xising typical oil well rigging equipment and 
also minimize the frequency at which apparatus 2500 must be re-stroked. 
In an alternative embodiment, at least a portion of the upper sealing 
15 head 2535 includes an expansion cone for radially expanding the casing 2560 
during operation of the apparatus 2500 in order to increase the siirface area of 
the casing 2560 acted upon during the radial expansion process. In this 
manner, the operating pressures can be reduced. 

Alternatively, the apparatus 2500 may be xised to join a first section of 
20 pipeline to an existing section of pipeline. Alternatively, the apparatus 2500 
may be used to directly line the interior of a wellbore with a casing, without the 
use of an outer annular layer of a hardenable material. Alternatively, the 
apparatus 2500 may be used to expand a tubular support member in a hole. 
Referring now to Figures 19, 19a and 19b, anoth^ embodiment of an 
25 apparatus 2700 for expanding a tubular member will be described. The 
apparatus 2700 profitably indudes a drillpipe 2705, an innerstring adapter 
2710, a sealing sleeve 2715, a first inner sealing mandrel 2720, a first upper 
sealing head 2725, a first lower sealing head 2730, a first outer sealing mandrel 
2735, a second inner sealing mandrel 2740, a second upper sealing head 2745, a 
30 second lower sealing head 2750, a second outer sealing mandrel 2755, a load 
mandrel 2760, an expansion cone 2765, a mandrel launcher 2770, a mechanical 
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slip body 2775, mechanical slips 2780, drag blocks 2785, casing 2790, and fluid 
passages 2795, 2800, 2805, 2810, 2815, 2820, 2825, and 2830. 

The drillpipe 2705 is coupled to the innerstring adapter 2710. During 
operation of the apparatus 2700, the drillpipe 2705 supports the apparatus 
5 2700. The drillpipe 2705 preferably comprises a substantially hollow tubular 
member or members. The drillpipe 2705 may be fabricated from any mmaJber of 
conventional conMnercially available materials such as, for example, oiljSeld 
country tubular goods, low alloy steel, carbon steel, stainless steel, or other 
similar high strength materials. In a preferred embodiment, the drillpipe 2705 

10 is fabricated from coiled tubing in order to facilitate the placement of the 

apparatus 2700 in non-vertical wellbores. The drillpipe 2705 may be coupled to 
the innerstring adapter 2710 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, 
oilfield coimtry tubular goods specialty threaded connection, or a standard 

15 threaded connection. In a preferred embodiment, the drillpipe 2705 is 

removably coupled to the innerstring adapter 2710 by a drillpipe connection in 
order to optimally provide high strength and easy disassembly. 

The drillpipe 2705 preferably includes a fluid passage 2795 that is 
adapted to convey fluidic materials from a surface location into the fluid 

20 passage 2800. In a preferred embodiment, the fluid passage 2795 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling 
mud or lubricants at operating pressmes and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute. 

The iimerstring adapter 2710 is coupled to the drill string 2705 and the 

25 sealing sleeve 2715. The innerstring adapter 2710 preferably comprises a 
substantially hollow tubular member or members. The innerstring adapter 
2710 may be fabricated from any nxunber of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. 

30 In a preferred embodiment, the innerstring adapter 2710 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. 
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The innerstring adapter 2710 may be coupled to the drill string 2705 
using any niunber of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, or a standard threaded connection. In a 
5 preferred embodiment, the innerstring adapter 2710 is removably coupled to 
the drill pipe 2705 by a standard threaded connection in order to optimally 
provide high strength and easy disassembly. The innerstring adapter 2710 may 
be coupled to the sealing sleeve 2715 using any nvmiber of conventional 
commercially available mechanical couplings such as, for example, drillpipe 

10 connection, oilfield country tubidar goods specialty type threaded connection, 
ratchet-latch type threaded coxmection or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 2710 is removably coupled to 
the sealing sleeve 2715 by a standard threaded connection. 

The iimerstring adapter 2710 preferably includes a fluid passage 2800 

15 that is adapted to convey fluidic materials firom the fluid passage 2795 into the 
fluid passage 2805« In a preferred embodiment, the fluid passage 2800 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

20 The sealing sleeve 2715 is coupled to the innerstring adapter 2710 and 

the first inner sealing mandrel 2720. The sealing sleeve 2715 preferably 
comprises a substantially hollow tubular member or members. The sealing 
sleeve 2715 may be fabricated firom any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low 

25 alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the sealing sleeve 2715 is fabricated from stainless 
steel in order to optimally provide high strength, corrosion resistance, and low 
fiiction surfaces. 

The sealing sleeve 2715 may be coupled to the innerstring adapter 2710 
30 using any number of conventional conunercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, welding, amorphous bonding, or a standard 
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threaded connection. In a preferred embodiment^ the sealing sleeve 2715 is 
removably coupled to the innerstring adapter 2710 by a standard threaded 
connector. The sealing sleeve 2715 may be coupled to the first inner sealing 
mandrel 2720 using any nimiber of conventional commercially available 
5 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, welding, amorphous bonding 
or a standard threaded connection. In a preferred embodiment, the sealing 
sleeve 2715 is removably coupled to the inner sealing mandrel 2720 by a 
standard threaded connection. 

10 The sealing sleeve 2715 preferably includes a fliiid passage 2802 that is 

adapted to convey fluidic materials fi'om the fluid passage 2800 into the fluid 
passage 2805. In a preferred embodiment, the fluid passage 2802 is adapted to 
convey fluidic materials such as, for example, cement, eposy, water, drilling 
mud or lubricants at operating pressures and flow rates ranging firom about 0 to 

15 9,000 psi and 0 to 3,000 gallons/minute. 

The first inner sealing mandrel 2720 is coupled to the sealing sleeve 2715 
and the first lower sealing head 2730, The first inner sealing mandrel 2720 
preferably comprises a substantially hoUow tubular member or members. The 
first inner sealing mandrel 2720 may be fabricated from any ntunber of 

20 conventional conmiercially available materials such as, for example, oilfield 
coimtry tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the first inner 
sealing naandrel 2720 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion resistance, and low Motion surfaces. 

25 The first inner sealing mandrel 2720 may be coupled to the sealing sleeve 

2715 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection oilfield country tubular 
goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the first inner 

30 sealing mandrel 2720 is removably coupled to the sealing sleeve 2715 by a 
standard tiireaded connection. The first inner sealing mandrel 2720 may be 
coupled to the first lower sealing head 2730 using any niunber of conventional 
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a)imnercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield coimtiy tubular goods specially type threaded connection, 
welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the first inner sealing mandrel 2720 is removably coupled to the 
5 first lower sealing head 2730 by a standard threaded connection. 

The first inner sealing mandrel 2720 preferably includes a fluid passage 
2805 that is adapted to convey fluidic materials firom the fluid passage 2802 into 
the fluid passage 2810. In a preferred embodiment, the fluid passage 2805 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 

10 drilling mud or lubricants at operating pressures and flow rates ranging firom 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The first upper sealing head 2725 is coupled to the first outer sealing 
mandrel 2735, the second upper sealing head 2745, the second outer sealing 
mandrel 2755, and the expansion cone 2765. The first upper sealing head 2725 

15 is also movably coupled to the outer surface of the first inner sealing mandrel 
2720 and the inner surface of the casing 2790. In this manner, the first upper 
sealing head 2725 reciprocates in the axial direction. The radial clearance 
between the inner cylindrical surface of the first upper sealing head 2725 and 
the outer surface of the first inner sealing mandrel 2720 may range, for 

20 example, from about 0.0025 to 0.05 inches. In a preferred embodiment, the 
radial clearance between the inner cylindrical surface of the first upper sealing 
head 2725 and the outer smrface of the first inner sealing mandrel 2720 ranges 
from about 0.005 to 0.125 inches in order to optimally provide minimal radial 
clearance. The radial clearance between the outer cylindrical surface of the 

25 first upper sealing head 2725 and the inner surface of the casing 2790 may 
range, for example, from about 0.025 to 0.375 inches. In a preferred 
embodiment, the radial clearance between the outer cylindrical smiace of the 
first upper sealing head 2725 and the inner surface of the casing 2790 ranges 
from about 0.025 to 0.125 inches in order to optimally provide stabilization for 

30 the expansion cone 2765 during the expansion process. 

The first upper sealing head 2725 preferably comprises an annular 
member having substantially cylindrical inner and outer siurfaces. The first 
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upper sealing head 2725 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low aUoy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the first upper sealing head 2725 is 
5 fabricated firom stainless steel in order to optimally provide high strength, 
corrosion resistance and low firiction surfaces. The inner stuf ace of the fibrst 
upper sealing head 2725 preferably includes one or more annular sealing 
members 2835 for sealing the interface between the first upper sealing head 
2725 and the first inner sealing mandrel 2720. The sealing members 2835 may 
10 comprise any number of conventional commercially available annular sealing 
members such as, for example, o-rings, polypak seals or metal spring energized 
seals. In a preferred embodiment, the sealing members 2835 comprise polypak 
seals available from Parker Seals in order to optimally provide sealing for long 
axial strokes. 

15 In a preferred embodiment, the first upper sealing head 2725 includes a 

shoulder 2840 for supporting the first upper sealing head 2725 on the first 
lower sealing head 2730, 

The first upper sealing head 2725 may be coupled to the first outer 
sealing mandrel 2735 using any number of conventional commercially available 

20 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty threaded connection, welding, amorphous bonding or a 
standard threaded connection. In a preferred embodiment, the first upper 
sealing head 2725 is removably coupled to the first outer sealing mandrel 2735 
by a standard threaded coimection. In a preferred embodiment, the 

25 mechanical coupling between the first upper sealing head 2725 and the first 
outer sealing mandrel 2735 includes one or more sealing members 2845 for 
fluidicly sealing the interface between the first upper sealing head 2725 and the 
first outer sealing mandrel 2735. The sealing members 2845 may comprise any 
number of conventional conunerdally available sealing members such as, for 

30 example, o-rings, pol3^ak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2845 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for long axial strokes. 
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The first lower sealing head 2730 is coupled to the first inner sealing 
mandrel 2720 and the second inner sealing mandrel 2740. The first lower 
sealing head 2730 is also movably coupled to the inner surface of the first outer 
sealing mandrel 2735. In this manner, the first upper sealing head 2725 and 
5 first outer sealing niandrel 2735 reciprocate in the axial direction. The radial 
clearance between the outer sttrface of the first lower sealing head 2730 and the 
inner surface of the first outer sealing mandrel 2735 may range, for example, 
from about 0.0025 to 0.05 inches. In a preferred ensbodiment, the radial 
clearance between the outer surface of the first lower sealing head 2730 and the 

10 inner surface of the first outer sealing mandrel 2735 ranges fi:om about 0.005 to 
0.01 inches in order to optimally provide minimal radial clearance. 

The first lower sealing head 2730 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The first 
lower sealing head 2730 may be fabricated firom any ntunber of conventional 

15 commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the first lower sealing head 2730 is 
fabricated firom stainless steel in order to optimally provide high strength, 
corrosion resistance, and low firiction surfaces. The outer surface of the first 

20 lower sealing head 2730 preferably includes one or more annular sealing 
members 2850 for sealing the interface between the first lower sealing head 
2730 and the first outer sealing mandrel 2735. The sealing members 2850 may 
comprise any ntunber of conventional commercially available annular sealing 
members such as, for example, o-rings, polypak seals or metal spring energized 

25 seals. In a preferred embodiment, the sealing members 2850 comprise polypak 
seals available from Parker Seals in order to optimally provide sealing for long 
axial strokes. 

The first lower sealing head 2730 may be coupled to the first inner 
sealing mandrel 2720 using any ntunber of conventional commercially available 
30 mechanical couplings such as, for example, oilfield cotmtry tubular goods 
specialty threaded connections, welding, amorphous bonding, or standard 
threaded connection. In a preferred embodiment, the first lower sealing head 
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2730 is removably coupled to the first inner sealing mandrel 2720 by a standard 
threaded connection* In a preferred embodiment, the mechanical coupling 
between the first lower sealing head 2730 and the first inner sealing mandrel 
2720 includes one or more sealing members 2855 for fluidicly sealing the 
5 interface between the first lower sealing head 2730 and the first inner sealing 
mandrel 2720. The sealing members 2855 may comprise any niunber of 
conventional commercially available sealing members such as^ for example, o- 
rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2855 comprise polypak seals available from 

10 Parker Seals in order to optimally provide sealing for long axial strokes. 

The first lower sealing head 2730 may be coupled to the second inner 
sealing mandrel 2740 using any nimiber of conventional commercially available 
mechanical couplings such as, for example, oilfield cotmtry tubular goods 
specialty threaded connection, welding, amorphous bonding, or a standard 

15 threaded connection. In a preferred embodiment, the lower sealing head 2730 
is removably coupled to the second inner sealing mandrel 2740 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the first lower sealing head 2730 and the second inner sealing mandrel 
2740 includes one or more sealing members 2860 for fluidicly sealing the 

20 interface between the first lower sealing head 2730 and the second inner sealing 
mandrel 2740. The sealing members 2860 may comprise any niunber of 
conventional commercially available sealing members such as, for example, o- 
rings, poljrpak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2860 comprise polypak seals available from 

25 Parker Seals in order to optinudly provide sealing for long axial strokes. 

The first outer sealing mandrel 2735 is coupled to the first upper sealing 
head 2725, the second upper sealing head 2745, the second outer sealing 
mandrel 2755, and the expansion cone 2765. The first outer sealing mandrel 
2735 is also movably coupled to the inner surface of the casing 2790 and the 

30 outer surface of the first lower sealing head 2730. In this manner, the first 
upper sealing head 2725, first outer sealing mandrel 2735, second upper sealing 
head 2745, second outer sealing mandrel 2755, and the expansion cone 2765 
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reciprocate in the axial directioii. The radial clearance between the outer 
surface of the first outer sealing mandrel 2735 and the inner surface of the 
casing 2790 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer surface of the 
5 first outer sealing mandrel 2735 and the inner stuf ace of the casing 2790 ranges 
from about 0.025 to 0.125 inches in order to optimally provide stabilization for 
the expansion cone 2765 diiring the expaiision process. The radial clearance 
between the inner siirface of the first outer sealing mandrel 2735 and the outer 
surface of the first lower sealing head 2730 may range, for example, from about 

10 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance between 
the inner surface of the first outer sealing mandrel 2735 and the outer surface 
of the first lower sealing head 2730 ranges from about 0.005 to 0.01 inches id 
order to optimally provide minimal radial dearance. 

The outer sealing mandrel 1935 preferably comprises an annular 

15 menoJ^CT having substantially Qrlindrical inner and outer surfaces. The first 
outer seaUng mandrel 2735 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the first outer sealing mandrel 2735 is 

20 fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The first outer sealing mandrel 2735 may be coupled to the first upper 
sealing head 2725 using any number of conventional commercially available 
mechanical couplings such as, for example, oilfield country tubular goods, 

25 welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the first outer sealing mandrel 2735 is removably coupled to the 
first upper sealing head 2725 by a standard threaded connection. The first 
outer sealing mandrel 2735 may be coupled to the second upper sealing head 
2745 using any numb^ of conventional commercially available mechanical 

30 couplings such as, for example, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. 
In a preferred embodiment, the first outer sealing mandrel 2735 is removably 
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coupled to the second upper sealing head 2745 by a standard threaded 
connection. 

The second inner sealing mandrel 2740 is coupled to the first lower 
sealing head 2730 and the second lower sealing head 2750. The second inner 
5 sealing mandrel 2740 preferably comprises a substantially hollow tubular 

member or members. The second inner sealing mandrel 2740 may be fabricated 
from any number of conventional commercially available materials such as^ for 
example, oilfield country tubidar goods, low alloy steel, carbon steel, stainless 
steel or other similar high strength materials. In a preferred embodiment, the 

10 second inner sealing mandrel 2740 is fabricated from stainless steel in order to 
optimalty provide hi^ strength, corrosion resistance, and low friction surfaces. 

The second inner sealing mandrel 2740 may be coupled to the first lower 
sealing head 2730 using any number of conventional conomercially available 
mechanical couplings such as, for example, oilfield country tubular goods 

15 specialty threaded connection, welding, amorphous bonding, or a standard 
threaded connection. In a preferred embodiment, the second iimer sealing 
mandrel 2740 is removably coupled to the first lower sealing head 2740 by a 
standard threaded connection. The mechanical coupling between the second 
inner sealing mandrel 2740 and the first lower sealing head 2730 preferably 

20 includes sealing members 2860. 

The second inner sealing mandrel 2740 may be coupled to the second 
lower sealing head 2750 using any nimiber of conventional conunerdally 
available mechanical couplings such as, for example, oilfield coimtry tubular 
goods specialty threaded connection, welding, amorphous bonding, or a 

25 standard threaded connection. In a preferred embodiment, the second timer 
sealing mandrel 2720 is removably coupled to the second lower sealing head 
2750 by a standard threaded coxmection. In a preferred embodiment, the 
mechanical coupling between the second inner sealing mandrel 2740 and the 
second lower sealing head 2750 includes one or more sealing members 2865. 

30 The sealing members 2865 may comprise any number of conventional 
commercially available seals such as, for example, o-rings, poljrpak seals or 
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metal spring energized seals* In a preferred embodiment, the sealing members 
2865 comprise polypak seals available from Parker Seals. 

The second ixmer sealing mandrel 2740 preferably includes a fluid 
passage 2810 that is adapted to convey fluidic materials from the fluid passage 
5 2805 into the fluid passage 2815. In a preferred embodiment, the fluid passage 
2810 is adapted to convey fliddic materials such as, for example, cement, epoxy, 
water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The second upper sealing head 2745 is coupled to the first upper sealing 

10 head 2725, the first outer sealing mandrel 2735, the second outer sealing 
mandrel 2755, and the expansion cone 2765* The second upper sealing head 
2745 is also movably coupled to the outer surface of the second inner sealing 
mandrel 2740 and the inner surface of the casing 2790. In this manner, the 
second upper sealing head 2745 reciprocates in the axial direction. The radial 

15 clearance between the inner cylindrical surface of the second upper sealing head 
2745 and the outer surface of the second inner sealing mandrel 2740 may range, 
for example, from about 0.0025 to 0.05 inches. In a preferred en[ibodiment, the 
radial clearance between the inner cylindrical surface of the second upper 
sealing head 2745 and the outer surface of the second inner sealing mandrel 

20 2740 ranges from about 0.005 to 0.01 inches in order to optimally provide 
minimal radial clearance. The radial clearance between the outer cylindrical 
surface of the second upper sealing head 2745 and the inner siuface of the 
casing 2790 may range, for example, from about 0.025 to .375 inches. In a 
preferred embodiment, the radial clearance between the outer cylindrical 

25 surface of the second upper sealing head 2745 and the inner surface of the 
casing 2790 ranges from about 0.025 to 0.125 inches in order to optimally 
provide stabilization for the expansion cone 2765 dining the expansion process. 



The second upper sealing head 2745 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces* The second 
30 upper sealing head 2745 may be fabricated from any number of conventional 
commercially avaflable materials such as, for example, oilfield country tubular 
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goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the second upper sealing head 2745 is 
fabricated from stainless steel in order to optimal^ provide high strength, 
corrosion resistance, and low friction surfaces. The inner surface of the second 
5 upper sealing head 2745 preferably includes one or more annidar sealing 
members 2870 for sealing the interface between the second upper sealing head 
2745 and the second inner sealing mandrel 2740. The sealing members 2870 
may comprise any numb^ of conventional commercially available annular 
sealing members such as, for example, o-rings, polypak seals, or metal spring 

10 energized seals* In a preferred embodiment, the sealing members 2870 
comprise polypak seals available from Parker Seals in order to optimally 
provide sealing for long adal strokes. 

In a preferred embodiment, the second upper sealing head 2745 includes 
a shoulder 2875 for supporting the second upper sealing head 2745 on the 

15 second lower sealing head 2750. 

The second upper sealing head 2745 nmy be coupled to the first outer 
sealing mandrel 2735 tising any number of conventional commercially available 
mechanical couplings such as, for example, driUpipe connection, oilfield country 
tubular goods specialty threaded connection, ratchet-latch type threaded 

20 connection, or a standard threaded connection. In a preferred embodiment, the 
second upper sealing head 2745 is removably coupled to the first outer sealing 
mandrel 2735 by a standard threaded connection. In a preferred embodiment, 
the mechanical coupling between the second upper sealing head 2745 and the 
first outer sealing mandrel 2735 includes one or more sealing members 2880 for 

25 flmdidy sealing the int^ace between the second upper sealing head 2745 and 
the first outer sealing mandrel 2735. The sealing members 2880 may comprise 
any nimiber of conventional commercially available sealing members such as, 
for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 2880 comprise polypak seals 

30 available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 
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The second upper sealing head 2745 may be coupled to the second outer 
sealing mandrel 2755 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty iype threaded connection, or a standard threaded 
5 connection. In a preferred embodiment, the second upper sealing head 2745 is 
removably coupled to the second outer sealing mandrel 2755 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the second upper sealing head 2745 and the second outer sealing 
mandrel 2755 includes one or more sealing members 2885 for fluididy sealing 

10 the intCTface between the second upper sealing head 2745 and the second outer 
sealing mandrel 2755. The sealing members 2885 may comprise any nimotber of 
conventional commercially available sealing members such as, for example, o- 
rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2885 comprise polypak seals available firom 

15 Parker Seals in order to optimally provide sealing for long axial strokes. 

The second lower sealing head 2750 is coupled to the second inner 
sealing mandrel 2740 and the load mandrel 2760. The second lower sealing 
head 2750 is also movably coupled to the inner surface of the second outer 
sealing mandrel 2755. In this manner, the first upper sealing head 2725, the 

20 first outer sealing mandrel 2735, second upper sealing head 2745, second outer 
sealing mandrel 2755, and the expansion cone 2765 reciprocate in the axial 
direction. The radial clearance between the outer surface of the second lower 
sealing head 2750 and the inner surface of the second outer sealing mandrel 
2755 may range, for example, firom about 0.0025 to 0.05 inches. In a preferred 

25 embodiment, the radial clearance between the outer surface of the second lower 
sealing head 2750 and the inner siuiace of the second outer sealing mandrel 
2755 ranges firom about 0.005 to 0.01 inches in order to optimally provide 
minimal radial clearance. 

The second lower sealing head 2750 preferably comprises an annular 

30 member having substantially cylindrical inner and outer siuf aces. The second 
lower sealing head 2750 may be fabricated fi'om any number of conventional 
commercially available materials such as, for example, oUfield country tubular 
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goods, low alloy steel, carbon steel, stainless steel or other similar higli strength 
materials. In a preferred embodiment, the second lower sealing head 2750 is 
fabricated from stainless steel in order to optimally provide hi^ strength, 
corrosion resistance, and low friction surfaces. The outer surface of the second 
5 lower sealing head 2750 preferably includes one or more annular sealing 
members 2890 for sealing the interface between the second lower sealing head 
2750 and the second outer sealing mandrel 2755. The sealing members 2890 
may comprise any number of conventional commercially available annular 
sealing members such as, for example, o-rings, polypak seals or metal spring 

10 energized seals. In a preferred embodiment, the sealing members 2890 
comprise polypak seals available from Parker Seals in order to optiuMlly 
provide sealing for long axial strokes. 

The second lower sealing head 2750 may be coupled to the second inner 
sealing mandrel 2740 using any number of conventional conmierdally available 

15 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty threaded coimection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
second lower sealing head 2750 is removably coupled to the second inner sealing 
mandrel 2740 by a standard threaded connection- In a preferred embodiment, 

20 the mechanical coupling between the second lower sealing head 2750 and the 
second inner sealing mandrel 2740 includes one or more sealing members 2895 
for fluidicly sealing the interface between the second sealing head 2750and the 
second sealing mandrel 2740. The sealing members 2895 may comprise any 
number of conventional commercially available sealing members such as, for 

25 example, o-rings, polypak seals or metal spiing energized seals. In a preferred 
embodiment, the sealing membCTS 2895 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The second lower sealing head 2750 may be coupled to the load mandrel 
2760 using any nxunber of conventional commercially available mechanical 

30 couplings such as, for example, drillpipe connection, oilfield tubular goods 
specialty threaded connection, ratchet-latch type threaded connection, or a 
standard threaded connection. In a preferred embodiment, the second lower 
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sealing head 2750 is removably coupled to the load mandrel 2760 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the second lower sealing head 2750 and the load mandrel 2760 
includes one or more sealing members 2900 for fluididy sealing the interface 
5 between the second lower sealing head 2750 and the load mandrel 2760. The 
sealing members 2900 may comprise any number of conventional conmierdally 
available sealing members such as, for example, o-rings, polypak seals or metal 
spring energized seals. In a preferred embodiment, the sealing members 2900 
comprise polypak seals available from Parker Seals in order to optinudly 
10 provide sealing for long axial strokes. 

In a preferred embodiment, the second lower sealing head 2750 includes 
a throat passage 2905 fluidicly coupled between the fluid passages 2810 and 
2815. The throat passage 2905 is preferably of reduced size and is adapted to 
receive and engage with a plug 2910, or other sinoilar device. In this manner, 
15 the fluid passage 2810 is fluidicly isolated from the fluid passage 2815. In this 
manner, the pressure chambers 2915 and 2920 are pressurized. The use of a 
pluraUty of presstffe chambers in the apparatus 2700 permits the efifective 
driving force to be mtiltiplied. WhileiUustratedusingapair of pressure 
chambers, 2915 and 2920, the apparatus 2700 may be further modified to 
20 employ additional pressure chambers. 

The second outer sealing mandrel 2755 is coupled to the first upper 
sealing head 2725, the first outer sealing mandrel 2735, the second upper 
sealing head 2745, and the expansion cone 2765. The second outer sealing 
mandrel 2755 is also movably coupled to the inner surface of the casing 2790 
25 and the outer surface of the second lower sealing head 2750. In this manner, 
the first upper sealing head 2725, first outer sealing mandrel 2735, second 
upper sealing head 2745, second outer sealing ntiandrel 2755, and the expansion 
cone 2765 reciprocate in the axial direction. 

The radial clearance between the outer siuface of the second outer 
30 sealing mandrel 2755 and the iimer surface of the casing 2790 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
radial clearance between the outer surface of the second outer sealing mandrel 

- 181 . 



25791.23.02 



2765 and the inner surface of the casing 2790 ranges from about 0.025 to 0,125 
inches in order to optimally provide stabilization for the es;pansion cone 2765 
during the expansion process. The radial clearance between the inner surface 
of the second outer sealing mandrel 2755 and the outer sxuf ace of the second 
5 lower sealing head 2750 may range, for example, from about 0.0025 to 0.05 
inches. In a preferred embodiment, the radial clearance between the inner 
surface of the second outer sealing mandrel 2755 and the outer surface of the 
second lower sealing head 2750 ranges from about 0.005 to 0.01 inches in order 
to optimally provide minimal radial clearance. 

10 The second outer sealing mandrel 2755 preferably comprises an annular 

member having substantially cylindrical inner and outer surfaces. The second 
outer sealing mandrel 2755 may be fabricated from any niunber of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 

15 materials. In a preferred embodiment, the second outer sealing mandrel 2755 is 
fabricated from stainless steel in order to optimally provide hi^ strength, 
corrosion resistance, and low friction siuiaces. 

The second outer sealing mandrel 2755 may be coupled to the second 
upper sealing head 2745 using any number of conventional commercially 

20 available mechanical couplings such as, for example, diillpipe connection, 

oilfield country tubular goods spedaliy threaded connection, ratchet-latch type 
threaded connection or a standard threaded connection. In a preferred 
embodiment, the second outer sealing mandrel 2755 is removably coupled to 
the second upper sealing head 2745 by a standard threaded connection. The 

25 second outer sealing mandrel 2755 may be coupled to the expansion cone 2765 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield coimtry tubular goods 
specialty type threaded coimection, ratchet-latch type threaded connection, or a 
standard threaded connection. In a preferred embodiment, the second outer 

30 sealing mandrel 2755 is removably coupled to the expansion cone 2765 by a 
standard threaded coimection. 
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The load mandrel 2760 is coupled to the second lower sealing head 2750 
and the mechanical slip body 2755. The load mandrel 2760 preferably 
comprises an annular member having substantially q^lindrical inner and outer 
surfaces. The load mandrel 2760 may be fabricated from any number of 
5 conventionai commercially available materials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the load mandrel 
2760 is fabricated fi:om stainless steel in order to optimally provide hi^ 
strength, corrosion resistance, and low friction surfaces. 

10 The load mandrel 2760 may be coupled to the second lower sealing head 

2750 using any number of conventional commercially available mechanical 
coupling such as, for example, drillpipe connection, oilfield coimtry tubular 
goods specialty type threaded connection, ratchet-latch iype threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 

15 load mandrel 2760 is removably coupled to the second lower sealing head 2750 
by a standard tiireaded connection. The load mandrel 2760 may be coupled to 
the mechanical sUp body 2775 using any nimiber of conventional conmierdally 
available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specialty type threaded connection, ratchet-latch 

20 type threaded connection or a standard threaded connection. In a preferred 
embodiment, the load mandrel 2760 is removably coupled to the mechanical slip 
body 2775 by a standard threaded connection. 

The load mandrel 2760 preferably includes a fluid passage 2815 that is 
adapted to convey fluidic materials from the fluid passage 2810 to the flmd 

25 passage 2820. In a preferred embodiment, the fluid passage 2815 is ade^ted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 2765 is coupled to the second outer sealing mandrel 

30 2755. The expansion cone 2765 is also movably coupled to the inner surface of 
the casing 2790. In this manner, the first upper sealing head 2725, first outer 
sealing mandrel 2735, second upper sealing head 2745, second outer sealing 
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mandrel 2755, and the expansion cone 2765 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2765 causes the casing 2790 to expand 
in the radial direction. 

The expansion cone 2766 preferably comprises an annular member 
5 having substantiaUy cylindricd inner and conical outer siufaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a prefOTed embodiment, the outside radius of the outside conical 
surface ranges from about 3 to 28 inches in order to optimally provide 
expansion cone dimensions that accommodate the typical range of casings. The 
10 axial length of the expansion cone 2765 may range, for example, from about 2 to 
8 times the largest outer diameter of the expansion cone 2765. In a prefixed 
embodiment, the axial length of the expansion cone 2765 ranges from about 3 
to 5 times the largest outer diameter of the expansion cone 2765 in order to 
optimally provide stabilization and centralization of the expansion cone 2765. 
15 In a preferred embodiment, the angle of attack of the expansion cone 2765 
ranges from about 5 to 30 degrees in order to optimally balance frictional forces 
and radial expansion forces. 

The expansion cone 2765 may be fabricated from any number of 
conventional commercially available materials such as, for example, machine 
20 tool steel, nitride steel, titanimn, tmigsten carbide, ceramics or other similar 
high strength materials. In a preferred embodiment, the expansion cone 2765 
is fabricated from D2 machine tool steel in order to optimally provide high 
strength and resistance to corrosion and galling. In a particularly preferred 
embodiment, the outside siuface of the expansion cone 2765 has a surface 
25 hardness ranging from about 58 to 62 Rockwell C in order to optimally provide 
high strength and resistance to wear and galling. 

The expansion cone 2765 may be coupled to the second outside sealing 
mandrel 2765 using any number of conventional coromerdally available 
mechanical couplings such as, for example, dnllpipe connection, oilfield coimtry 
30 tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
expansion cone 2765 is coupled to the second outside sealing mandrel 2765 
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using a standard threaded connection in order to optimally provide hi^ 
strength and easy replacement of the expansion cone 2765« 

The mandrel latmcher 2770 is coupled to the casing 2790. The mandrel 
launcher 2770 comprises a tubular section of casing having a reduced wall 
5 thickness compared to the casing 2790. In a preferred embodiment, the wall 
thickness of the mandrel launcher 2770 is about 50 to 100 % of the wall 
thickness of the casing 2790, The wall thickness of the mandrel launcher 2770 
may range , for example, from about 0,15 to 1.5 inches. In a preferred 
embodiment, the wall thickness of the mandrel launcher 2770 ranges from 

10 about 0.25 to 0.75 inches. In this manner, the initiation of the radial expansion 
of the casing 2790 is facilitated, the placement of the ^paratus 2700 within a 
wellbore casing and weUbore is facilitated, and the mandrel launcher 2770 has a 
burst strength approximately equal to that of the casing 2790. 

The mandrel launcher 2770 may be coupled to the casing 2790 using any 

15 number of conventional mechanical couplings such as, for example, a standard 
threaded connection. The mandrel launcher 2770 may be fabricated from any 
ntmiber of conventional commercially available materials such as, for example, 
oilfield coimtry tubular goods, low alloy steel, carbon steel, stainless steel, or 
other similar high strength materials. In a preferred embodiment, the mandrel 

20 latmcher 2770 is fabricated from oilfield country tubular goods of higher 

strength than that of the casing 2790 but with a reduced wall thickness in order 
to optimally provide a small compact tubular container having a bturst strength 
approximately equal to that of the casing 2790. 

The mechanical sUp body 2775 is coupled to the load mandrel 2760, the 

25 mechanical sUps 2780, and the drag blocks 2785. The mechanical sUp bo(^ 
2775 preferably comprises a tubular member having an inner passage 2820 
fluididy coupled to the passage 2815. In this manner, fluidic materials may be 
conveyed from the passage 2820 to a region outside of the apparatus 2700. 

The mechanical slip body 2775 may be coupled to the load mandrel 2760 

30 using any nimiber of conventional mechanical couplings. In a preferred 
embodiment, the mechanical slip body 2775 is removably coupled to the load 
mandrel 2760 using a standard threaded connection in order to optimally 
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provide hi^ strength and easy disassembly. The mechanical slip hody 2775 
may be coupled to the mechanical slips 2780 using any number of conventional 
mechanical couplings. In a preferred entibodiment, the mechanical slip body 
2755 is removably coupled to the mechanical slips 2780 using threaded 
5 connections and sliding steel retainer rings in order to optimally provide a high 
strength attachment. The mechanical slip body 2755 may be coupled to the 
drag blocks 2785 using any number of conventional mechanical couplings. In a 
preferred embodiment^ the mechanical slip body 2775 is removably coupled to 
the drag blocks 2785 using threaded connections and sliding steel retainer rings 

10 in order to optimally provide a high strength attachment. 

The mechanical slip body 2775 preferably includes a fluid passage 2820 
that is adapted to convey fluidic materials from the fluid passage 2815 to the 
region outside of the apparatus 2700. In a preferred embodiment, the fluid 
passage 2820 is adapted to convey fluidic materials such as, for example, 

15 cement, epoxy, water, driUing mud or lubricants at operating pressures and 
flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The mechanical slips 2780 are coupled to the outside surface of the 
mechanical slip body 2775. During operation of the apparatus 2700, the 
mechanical slips 2780 prevent upward movement of the casing 2790 and 

20 mandrel launcher 2770. In this manner, dining the axial reciprocation of the 
expansion cone 2765, the casing 2790 and mandrel launcher 2770 are 
maintained in a substantially stationary position. In this manner, the mandrel 
launcher 2765 and casing 2790 and mandrel laimcher 2770 are expanded in the 
radial direction by the axial movement of the expansion cone 2765. 

25 The mechanical sUps 2780 may comprise any number of conventional 

commercially available mechanical slips such as, for example, RTTS packer 
tungsten carbide mechanical slips, RTTS packer wicker type mechanical sUps or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical sUps. In a 
preferred embodiment, the mechanical slips 2780 comprise RTTS packer 

30 timgsten carbide mechanical slips available from Halliburton Energy Services 
in order to optimally provide resistance to axial movement of the casing 2790 
and mandrel launcher 2770 dining the expansion process. 
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The drag blocks 2785 are coupled to the outside surface of the 
mechanical slip bo<fy 2775. During operation of the apparatus 2700, the drag 
blocks 2785 prevent upward movement of the casing 2790 and mandrel 
launcher 2770. In this manner, during the axial reciprocation of the expansion 
5 cone 2765, the casing 2790 and mandrel launcher 2770 are maintained in a 
substantially stationary position. In this manner, the mandrel launcher 2770 
and casing 2790 are expanded in the radial direction by the axial movement of 
the expansion cone 2765. 

The drag blocks 2785 may comprise any number of conventional 

10 commercially available mechanical slips such as, for example, RTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. In a 
preferred embodiment, the drag blocks 2785 comprise RTTS packer mechanical 
drag blocks available from Halliburton Energy Services in order to optutnally 
provide resistance to axial movement of the casing 2790 and mandrel launcher 

15 2770 during the expansion process. 

The casing 2790 is coupled to the mandrel latmcher 2770. The casing 
2790 is fiurther removably coupled to the mechanical slips 2780 and drag blocks 
2785. The casing 2790 preferably comprises a tubular member. The casing 
2790 may be fabricated from any number of conventional commercially 

20 available materials such as, for example, slotted tubulars, oilfield country 

tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. In a preferred embodiment, the casing 2790 is fabricated 
from oilfield cotmtry tubular goods available from various foreign and domestic 
steel mills in ord^ to optimally provide high strength using standardized 

25 materials. In a preferred embodiment, the upper end of the casing 2790 
includes one or more sealing members positioned about the exterior of the 
casing 2790. 

During operation, the apparatus 2700 is positioned in a wellbore with the 
upper end of the casing 2790 positioned in an overlapping relationship within 
30 an existing wellbore casing. In order minimize surge presstu-es within the 
borehole during placement of the apparatus 2700, the fluid passage 2795 is 
preferably provided with one or more pressure relief passages. During the 
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placement of the apparatus 2700 in the wellbore, the casing 2790 is supported 
by the expansion cone 2765. 

After positioning of the apparatus 2700 within the bore hole in an 
overlapping relationship with an existing section of wellbore casing, a first 
5 fluidic material is pumped into the flxiid passage 2795 from a surface location. 
The first fluidic material is conveyed fi-om the fluid passage 2795 to the fluid 
passages 2800, 2802, 2805, 2810, 2815, and 2820. The first fluidic material will 
then exit the apparatus 2700 and fill the annular region between the outside of 
the apparatus 2700 and the intmor walls of the bore hole. 

10 The first fluidic material may comprise any number of conventional 

commercially available materials such as, for example, epo^, drilling mud, slag 
mix, water or cement. In a preferred embodiment, the first fluidic material 
comprises a hardenable fluidic sealing material such as, for example, slag mix, 
epoxy, or cement. In this manner, a wellbore casing having an outer annular 

15 layer of a hardenable material may be formed. 

The first fluidic material may be pumped into the apparatus 2700 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 3,000 gaUons/minute. In a preferred embodiment, the first flmdic 
material is pumped into the apparatus 2700 at operating pressures and flow 

20 rates ranging firom about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order 
to optimally provide operational efficiency. 

At a predetermined point in the injection of the first fluidic material such 
as, for example, afl^ the annular region outside of the apparatus 2700 has been 
filled to a predetermined level, a plug 2910, dart, or other similar device is 

25 introduced into the first fluidic material. The plug 2910 lodges in the throat 
passage 2905 thereby fluidicly isolating the fluid passage 2810 fi-om the fluid 
passage 2815. 

After placement of the plug 2910 in the throat passage 2905, a second 
fluidic material is pumped into the fluid passage 2795 in order to pressurize the 
30 pressure chambers 2915 and 2920. The second fluidic material may comprise 
any number of conventional conunercially available materials such as, for 
example, water, drilling gases, drilling mud or lubricants. In a preferred 
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embodiment^ the second fluidic material comprises a non-hardenable fluidic 
material such as, for example, water, drilling mud or lubricant. The use of 
lubricant optimally provides lubrication of the moving parts of the apparatus 
2700. 

5 The second fluidic material may be pumped into the apparatus 2700 at 

operating pressiures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gallons/minute* In a preferred embodiment, the second 
fluidic material is pumped into the apparatus 2700 at operating pressures and 
flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in 

10 order to optimally provide operational efficiency. 

The pressurization of the pressinre chambers 2915 and 2920 cause the 
upper sealing heads, 2725 and 2745, outer sealing mandrels, 2735 and 2755, 
and expansion cone 2765 to move in an axial direction. As the expansion cone 
2765 moves in the axial direction, the expansion cone 2765 pulls the mandrel 

15 launcher 2770, casing 2790, and drag blocks 2785 along, which sets the 
mechanical slips 2780 and stops further axial movement of the mandrel 
launcher 2770 and casing 2790. In this manner, the axial movement of the 
expansion cone 2765 radially expands the mandrel latmcher 2770 and casing 
2790. 

20 Once the upper sealing heads, 2725 and 2745, outer sealing mandrels, 

2735 and 2755, and expansion cone 2765 complete an axial stroke, the 
operating pressure of the second fliudic material is reduced and the drill string 
2705 is raised. This causes the umer sealing mandrels, 2720 and 2740, lower 
sealing heads, 2730 and 2750, load mandrel 2760, and mechanical slip body 

25 2755 to move upward. This unsets the mechanical sUps 2780 and permits the 
mechanical slips 2780 and drag blocks 2785 to be moved upward within the 
mandrel launcher 2770 and casing 2790. When the lower sealing heads, 2730 
and 2750, contact the upper sealing heads, 2725 and 2745, the second fluidic 
material is again pressurized and the radial expansion process continues. In 

30 this manner, the mandrel laimcher 2770 and casing 2790 are radially expanded 
through rei>eated axial strokes of the upper sealing heads, 2725 and 2745, outer 
sealing mandrels, 2735 and 2755, and expansion cone 2765. Throughout the 
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radial expansion process, the upper end of the casing 2790 is preferably 
maintained in an overls^ping relation with an existing section of wellbore 
casing. 

At the end of the radial expansion process, the upper end of the casing 
5 2790 is expanded into intunate contact with the inside siuface of the lower end 
of the existing wellbore casing. In a preferred embodiment, the sealing 
members provided at the upper end of the casing 2790 provide a fluidic seal 
between the outside surface of the upper end of the casing 2790 and the inside 
surface of the lower end of the existing wellbore casing* In a preferred 

10 embodiment, the contact pressiu-e between the casing 2790 and the existing 
section of wellbore casing ranges from about 400 to 10,000 in order to optimally 
provide contact pressure for activating the sealing members, provide optimal 
resistance to axial movem^t of the expanded casing, and optimally resist 
typical tensile and compressive loads on the expanded casing. 

15 In a preferred embodiment, as the expansion cone 2765 nears the end of 

the casing 2790, the operating pressure of the second fluidic material is reduced 
in order to minimize shock to the apparatus 2700. In an alternative 
embodiment, the apparatus 2700 includes a shock absorber for absorbing the 
shock created by the completion of the radial expansion of the casing 2790. 

20 In a preferred embodiment, the reduced operating pressure of the second 

fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2765 
nears the end of the casing 2790 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 2765. In a preferred embodiment, 
the operating pressure of the second fluidic material is reduced during the 

25 return stroke of the apparatus 2700 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2765 during the 
return stroke. In a preferred embodiment, the stroke length of the apparatus 
2700 ranges from about 10 to 45 feet in order to optimally provide equipment 
that can be easily handled by typical oil well rising eqtiipment and minimize 

30 the frequency at which the apparatus 2700 must be re-stroked during an 
expansion operation. 
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In an alternative embodiment, at least a portion of the upper sealing 
heads, 2725 and 2745, include mansion cones for radially expanding the 
mandrel launcher 2770 and casing 2790 diiring operation of the apparatus 2700 
in order to increase the surface area of the casing 2790 acted upon during the 
5 radial expansion process. In this manner, the operating pressures can be 
reduced. 

In an alternative embodiment, mechanical slips are positioned in an axial 
location between the sealing sleeve 1915 and the first inner sealing mandrel 
2720 in order to optimally provide a simplified assembly and operation of the 

10 apparatus 2700. 

Upon the complete radial expansion of the casing 2790, if apphcable, the 
first fluidic material is permitted to cure within the annidar region between the 
outside of the expanded casing 2790 and the interior walls of the wellbore. In 
the case where the casing 2790 is slotted, the cured fluidic material preferably 

15 permeates and envelops the expanded casing 2790. In this manner, a new 
section of weUbore casing is formed within a wellbore. Alternatively, the 
apparatus 2700 may be used to join a first section of pipeline to an existing 
section of pipeline. Alternatively, the apparatus 2700 may be used to directly 
line the interior of a wellbore with a casing, without the use of an outer aimular 

20 layer of a hardenable material. Alternatively, the apparatus 2700 may be used 
to expand a tubular support member in a hole. 

During the radial expansion process, the pressiudzed areas of the 
apparatus 2700 are limited to the fluid passages 2795, 2800, 2802, 2805, and 
2810, and the pressure chambers 2915 and 2920. No fluid pressiu^ acts directly 

25 on the mandrel launcher 2770 and casing 2790. This permits the use of 
operating pressures hi^er than the mandrel launcher 2770 and casing 2790 
could normally withstand 

Referring now to Figure 20, a preferred embodiment of an apparatus 
3000 for forming a mono-diameter wellbore casing will be described. The 

30 apparatus 3000 preferably includes a drillpipe 3005, an innerstring adapter 
3010, a sealing sleeve 3015, a first inner sealing mandrel 3020, hydraulic slips 
3025, a first upper sealing head 3030, a first lower sealing head 3035, a first 
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outer sealing mandrel 3040, a second inner sealing mandrel 3045, a second 
upper sealing head 3050, a second lower sealing head 3055, a second outer 
sealing mandrel 3060, load mandrel 3065, expansion cone 3070, casing 3075, 
and fluid passages 3080, 3086, 3090, 3095, 3100, 3105, 3110, 3115 and 3120. 
5 The drillpipe 3005 is coupled to the innerstring adapter 3010. Dtiring 

operation of the apparatus 3000, the drillpipe 3005 supports the apparatus 
3000. The drillpipe 3005 preferably comprises a substantially hollow tubular 
menriber or members. The drillpipe 3005 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
10 country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the drillpipe 3005 
is fabricated from coiled tubing in order to fadliate the placement of the 
apparatus 3000 in non-vertical wellbores. The drillpipe 3005 may be coupled to 
the innerstring adapter 3010 using any number of conventional commercially 
15 available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specialty threaded connection, or a standard 
threaded connection. In a preferred embodiment, the drillpipe 3005 is 
removably coupled to the innerstring adapter 3010 by a drillpipe connection. 
The drillpipe 3005 preferably includes a fluid passage 3080 that is 
20 adapted to convey fluidic materials from a surface location into the fluid 

passage 3085. In a preferred embodiment, the fluid passage 3080 is adapted to 
convey fluidic materials such as, for example, cement, eposy, water, drilling 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute. 
25 The innerstring adapter 3010 is coupled to the drill string 3005 and the 

sealing sleeve 3015. The innerstring adapter 3010 preferably comprises a 
substantially hollow tubular member or members. The innerstring adapter 
3010 may be fabricated from any niunber of conventional commercially 
available materials such as, for example, oilfield coimtry tubular goods, low 
30 alloy steel, carbon steel, stainless steel, or other sinular high strength materials. 
In a preferred embodiment, the innerstring adapter 3010 is fabricated from 
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stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. 

The innerstring adapter 3010 may be coupled to the drill string 3005 
using any nimiber of conventional commercially available mechanical couplings 
5 such as, for example, driUpipe connection, oilfield country tubular goods 
specialty type threaded connection, or a standard threaded coxmection. In a 
preferred embodiment, the innerstring adapter 3010 is removably coupled to 
the drill pipe 3005 by a drillpipe connection. The innerstring adapter 3010 may 
be coupled to the sealing sleeve 3015 using any number of conventional 
10 commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield coimtty tubular goods specialty type threaded coxmection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the iimerstring adapter 3010 is removably coupled to 
the sealing sleeve 3015 by a standard threaded connection. 
15 The innerstring adapter 3010 preferably includes a fluid passage 3085 

that is adapted to convey fluidic materials from the fluid passage 3080 into the 
fluid passage 3090. In a preferred embodiment, the fluid passage 3085 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
drilling mud, or lubricants at operating pressures and flow rates ranging from 
20 about 0 to 9,000 psi and 0 to 3,000 gallonsAninute. 

The sealing sleeve 3015 is coupled to the innerstring adapter 3010 and 
the first iimer sealing mandrel 3020. The sealing sleeve 3015 preferably 
comprises a substantially hollow tubular member or members. The sealing 
sleeve 3015 may be fabricated from any ntunber of conventional commercially 
25 available materials such as, for example, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar hi^ strength materials. 
In a preferred embodiment, the sealing sleeve 3015 is fabricated firom stainless 
steel in order to optimally provide hi^ strength, corrosion resistance, and low 
friction smrfaces. 

30 The sealing sleeve 3015 may be coupled to the innerstring adapter 3010 

using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield coxmtry tubular goods 
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specialty type threaded connection, ratchet-latch type connection or a standard 
threaded connection. In a preferred embodiment, the sealing sleeve 3015 is 
removably coupled to the innerstring adapter 3010 by a standard threaded 
connection. The sealing sleeve 3015 may be coupled to the first inner sealing 
5 mandrel 3020 using any nxunber of conventional conunercially available 

mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
sealing sleeve 3015 is removably coupled to the first inner sealing mandrel 3020 

10 by a standard threaded connection. 

The sealing sleeve 3015 preferably includes a fluid passage 3090 that is 
adapted to convey fluidic materials firom the fluid passage 3085 into the fluid 
passage 3095. In a preferred embodiment, the fluid passage 3090 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling 

15 mud, or lubricants at operating pressm-es and flow rates ranging from about 0 
to 9,000 psi and 0 to 3,000 gallons/minute. 

The first inner sealing mandrel 3020 is coupled to the sealing sleeve 
3015, the hydraulic slips 3025, and the first lower sealing head 3035. The first 
inner sealing mandrel 3020 is finisher movably coupled to the first upper sealing 

20 head 3030. The first inner sealing mandrel 3020 preferably comprises a 
substantially hollow tubular member or members* The first inner sealing 
mandrel 3020 may be fabricated fi-om any nimaber of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel, or similar high strength materials. In a 

25 preferred embodiment, the first inner sealing mandrel 3020 is fabricated from 
stainless steel in order to optimally provide hi^ strength, corrosion resistance, 
and low Section smrfaces. 

The first inner sealing mandrel 3020 may be coupled to the sealing sleeve 
3015 using any number of conventional commercially available mechanical 

30 couplings such as, for example, drillpipe connection, oilfield country tubidar 
goods specialty type threaded coimection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
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first inner sealing mandrel 3020 is removably coupled to the sealing sleeve 3015 
by a standard threaded connection* The first inner sealing mandrel 3020 may 
be coupled to the hydraulic slips 3025 using any numb^ of conventional 
commercially available mechanical couplings such as, for example, driUpipe 
5 connection, oilfield country tubular goods specialty type threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment^ the first inner sealing mandrel 3020 is removably 
coupled to the hydraulic slips 3025 by a standard threaded connection. The 
first inner sealing mandrel 3020 may be coupled to the first lower sealing head 

10 3035 using any nimiber of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection; oilfield country tubular 
goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first inner sealing mandrel 3020 is removably coupled to the first lower sealing 

15 head 3035 by a standard threaded connection. 

The first inner sealing mandrel 3020 preferably includes a fluid passage 
3095 that is adapted to convey fluidic materials from the fluid passage 3090 into 
the fluid passage 3100. In a preferred embodiment, the fluid passage 3095 is 
adapted to convey fluidic materials such as, for example, water, drilling mud, 

20 cement, epoxy, or lubricants at operating pressures and flow rates ranging firom 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The first inner sealing mandrel 3020 further preferably includes fluid 
passages 3110 that are adapted to convey fluidic materials from the fluid 
passage 3095 into the pressure chambers of the hydraulic slips 3025. In this 

25 manner, the sUps 3025 are activated upon the pressurization of the fluid 
passage 3095 into contact with the inside surface of the casing 3075. In a 
preferred embodiment, the fluid passages 3110 are adapted to convey fluidic 
materials such as, for example, cement, epo^, water, drilling fluids or 
lubricants at operating pressures and flow rates ranging firom about 0 to 9,000 

30 psi and 0 to 3,000 gallons/minute. 

The first inner seaUng mandrel 3020 fiuther preferably includes fluid 
passages 3115 that are adapted to convey fluidic materials firom the fluid 
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passage 3096 into the first pressure chamber 3175 defined by the first upper 
sealing head 3030, the first lower sealing head 3035, the first inner sealing 
mandrel 3020, and tiie first outer sealing mandrel 3040. During operation of 
the apparatus 3000, pressurization of the pressure chamber 3175 causes the 
5 first upper sealing head 3030, the first outer sealing mandrel 3040, the second 
upper sealing head 3050, the second outer sealing mandrel 3060, and the 
expansion cone 3070 to move in an axial direction. 

The slips 3025 are coupled to the outside surface of the first inner sealing 
mandrel 3020. During operation of the apparatus 3000, the slips 3025 are 

10 activated upon the pressurization of the fluid passage 3095 into contact with 
the inside surface of the casing 3075. In this manner, the slips 3025 maintain 
the casing 3075 in a substantially stationary position. 

The sUps 3025 preferably include fluid passages 3125, pressure chambers 
3130, spring bias 3135, and slip members 3140. The slips 3025 may comprise 

15 any ntmiber of conventional commercially available hydraulic sUps such as, for 
example, RTTS packer tungsten carbide hydraulic slips or Model 3L retrievable 
bridge plug with hydraulic slips. In a preferred embodiment, the sUps 3025 
comprise RTTS packer tungsten carbide hydraulic slips available firom 
Halliburton Energy Services in order to optuaaally provide resistance to axial 

20 movement of the casing 3075 dtiring the expansion process. 

The first upper sealing head 3030 is coupled to the first outer sealing 
mandrel 3040, the second upper sealing head 3050, the second outer sealing 
mandrel 3060, and the expansion cone 3070. The first upp^ sealing head 3030 
is also movably coupled to the outer surface of the first inner sealing mandrel 

25 3020 and the inner surface of the casing 3075. In this manner, the first upper 
sealing head 3030, the first outer sealing mandrel 3040, the second upper 
sealing head 3050, the second outer sealing mandrel 3060, and the expansion 
cone 3070 reciprocate in the axial direction. 

The radial clearance between the inner qrlindrical surface of the first 

30 upper sealing head 3030 and the outer surface of the first inner sealing mandrel 
3020 may range, for example, from about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the inner cylindrical siuiace of the 
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first upper sealing head 3030 and the outer surface of the first inner sealing 
mandrel 3020 ranges fi*om about 0.005 to 0.01 inches in order to optimally 
provide m^'Tn'Tnal radial clearance. The radial clearance between the outer 
cylindrical surface of the first upper sealing head 3030 and the iimer surface of 
5 the casing 3075 may range, for example^ firom about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer cylindrical 
surface of the first upper sealing head 3030 and the inner surface of the casing 
3075 ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 3070 during the expansion process. 

10 The first upper sealing head 3030 preferably comprises an annular 

member having substantially cylindrical inner and outer surfaces. The first 
upper sealing head 3030 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield countty tubidar 
goods, low alloy steel, carbon steel, or other similar high strength materials. In 

15 a preferred embodiment, the first upper sealing head 3030 is fabricated firom 
stainless steel in order to optimally provide hi^ strength, corrosion resistance, 
and low fi:iction surfaces. The inner surface of the first upper sealing head 3030 
preferably includes one or more annular sealing members 3145 for sealing the 
interface between the first upp^ sealing head 3030 and the first inner sealing 

20 mandrel 3020. The sealing members 3145 may comprise any nxmiber of 
conventional commercially available annular sealing members such as, for 
example, o-rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 3145 comprise polypak seals available fi'om 
Parker seals in order to optimally provide sealing for a long axial stroke. 

25 In a preferred embodiment, the first upper sealing head 3030 includes a 

shoiilder 3150 for supporting the first upper sealing head 3030, first outer 
sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and expansion cone 3070 on the first lower sealing head 3035. 
The first upper sealing head 3030 may be coupled to the first outer sealing 

30 mandrel 3040 using any nimiber of conventional commercially available 

mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 
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connection. In a preferred embodiment, the first upper sealing head 3030 is 
removably coupled to the first outer sealing mandrel 3040 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the first upper sealing head 3030 and the first outer sealing mandrel 
5 3040 includes one or more sealing memJt)ers 3155 for fluididy sealing the 
interface between the first upper sealing head 3030 and the first outer sealing 
n[iandrel 3040. The sealing members 3155 may comprise any number of 
conventional commercially available sealing members such as^ for example, o- 
rings, polypak seals, or metal spring energized seals* In a preferred 

10 embodiment, the sealing members 3155 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The first lower sealing head 3035 is coupled to the first inner sealing 
mandrel 3020 and the second inner sealing mandrel 3045. The first lower 
sealing head 3035 is also movably coupled to the iimer surface of the first outer 

15 sealing mandrel 3040. In this manner, the first upper sealing head 3030, first 
outer sealing mandrel 3040, second upper sealing head 3050, second outer 
sealing mandrel 3060, and expansion cone 3070 reciprocate in the axial 
direction. The radial clearance between the outer surface of the first lower 
sealing head 3035 and the inner surface of the first outer sealing mandrel 3040 

20 may range, for example, from about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the outer surface of the first lower 
sealing head 3035 and the inner surface of the outer sealing mandrel 3040 
ranges from about 0,005 to 0.01 inches in order to optimally provide ininimal 
radial clearance. 

25 The first lower sealing head 3035 preferably comprises an annular 

member having substantially cylindrical inner and outer surfaces. The fii^t 
lower sealing head 3035 may be fabricated from any nuniber of conventional 
conunercially available materials such as, for example, oilfield cotmtry tubidar 
goods, low alloy steel, carbon steel, stainless steel or other similar hi^ strength 

30 materials. In a preferred embodiment, the first lower sealing head 3035 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low fiiction stufaces. The outer siuface of the first 
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lower sealing head 3035 preferably includes one or more annular sealing 
members 3160 for sealing the interface between the fibrst lower sealing head 
3035 and the first outer sealing mandrel 3040. The sealing members 3160 may 
comprise any number of conventional commercially available annular sealing 
5 members such as, for example, o-rings, polypak seals, or metal spring energized 
seals. In a preferred embodiment, the sealing members 3160 comprise polypak 
seals available from Parker Seals in order to optimally provide sealing for a long 
axial stroke. 

The first lower sealing head 3035 may be coupled to the first ixmer 
10 sealing mandrel 3020 using any ntmiber of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield coimtry 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first lower sealing head 3035 is removably coupled to the first inner sealing 
15 mandrel 3020 by a standard threaded connection. In a preferred embodiment, 
the mechanical coupling between the first lower sealing head 3035 and the first 
inner sealing mandrel 3020 includes one or more sealing members 3165 for 
fluididy sealing the interface between the first lower sealing head 3035 and the 
first inner sealing mandrel 3020. The sealing members 3165 may comprise any 

20 number of conventional commercially available sealing members such as, for 
example, o-rings, pol3^ak seals, or metal spring energized seals. In a preferred 
embodiment, the sealing members 3165 comprise i>olypak seals available firom 
Parker Seals in order to optimally provide sealing for a long axial stroke length. 
The first lower sealing head 3035 may be coupled to the second inner 

25 sealing mandrel 3045 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield coimtry 
tubular goods specialty type threaded connection, ratchet^latch type threaded 
connection or a standard threaded connection. In a preferred en:ibodiment, the 
first lower sealing head 3035 is removably coupled to the second inner sealing 

30 mandrel 3045 by a standard threaded connection. In a preferred embodiment, 
the mechanical coupling between the first lower sealing head 3035 and the 
second inner sealing mandrel 3045 includes one or more sealing members 3170 
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for flmdidy sealing the interface between the first lower sealing head 3035 and 
the second inner sealing mandrel 3045. The sealing members 3170 may 
comprise any niunber of conventional commercially available sealing members 
such as, for example, o*rings, polypak seals or metal spring energized seals. In a 
5 preferred embodiment, the sealing members 3170 comprise polypak seals 

available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

The first outer sealing mandrel 3040 is coupled to the first upper sealing 
head 3030 and the second upper sealing head 3050. The first outer sealing 

10 mandrel 3040 is also movably coupled to the inner surface of the casing 3075 
and the outer surface of tiie first lower sealing head 3035. In this manner, the 
first upper sealing head 3030, first outer sealing mandrel 3040, second upper 
sealing head 3050, second outer sealing mandrel 3060, and the expansion cone 
3070 reciprocate in the axial direction. The radial clearance between the outer 

15 surface of the first outer sealing mandrel 3040 and the inner surface of the 
casing 3075 may range, for example, from about 0,025 to 0.375 inches. In a 
preferred embodiment, tiie radial clearance between the outer surface of the 
first outer sealing mandrel 3040 and the inner surface of the casing 3075 ranges 
from about 0.025 to 0.125 inches in order to optimally provide stabilization for 

20 the expansion cone 3070 during the expansion process. The radial clearance 
between the inner surface of the first outer seating mandrel 3040 and the outer 
surface of the first lower sealing head 3035 may range, for example, from about 
0,005 to 0.125 inches. In a preferred embodiment, the radial clearance between 
the inner surface of the first outer sealing mandrel 3040 and the outer surface 

25 of the first lower sealing head 3035 ranges from about 0.005 to 0.01 inches in 
order to optimally provide Tninimal radial clearance. 

The first outer sealing mandrel 3040 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The first 
outer sealing mandrel 3040 may be fabricated from any number of conventional 

30 coromercially available materials such as, for example, oilfield coimtry tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the first outer sealing mandrel 3040 is 
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fabricated from stainlei§s steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The first outer sealing mandrel 3040 may be coupled to the first upper 
sealing head 3030 using any niunber of conventional commercially available 
5 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first outer sealing mandrel 3040 is removably coupled to the first upper sealing 
head 3030 by a standard threaded connection. In a preferred embodiment, the 
10 mechamcal coupling between the first outer sealing mandrel 3040 and the first 
upper sealing head 3030 includes one or more sealing members 3180 for sealing 
the interface between the first outer sealing mandrel 3040 and the first upper 
sealing head 3030. The sealing members 3180 may comprise any nmnber of 
conventional conunerdally available sealing members such as, for example, o- 
15 rings, polypak seals or metal spring energized seals. In a preferred 

embodiment, the sealing members 3180 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The first outer sealing mandrel 3040 may be coupled to the second upper 
sealing head 3050 using any number of conventional commercially available 
20 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
first outer sealing mandrel 3040 is removably coupled to the second upper 
sealing head 3050 by a standard threaded coimection. In a preferred 
25 embodiment, the mechanical coupling between the first outer sealing mandrel 
3040 and the second upper sealing head 3050 includes one or more sealing 
members 3185 for sealing the interface between the first outer sealing mandrel 
3040 and the second upper sealing head 3050. The sealing members 3185 may 
comprise any niunber of conventional commercially available sealing members 
30 such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred en^)odiment, the sealing members 3185 comprise polypak seals 
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available from Parker Seals in order to optimally provide sealing for a long asdal 
stroke. 

The second inner sealing mandrel 3045 is coupled to the first lower 
sealing head 3035 and the second lower sealing head 3055. The second inner 
5 sealing mandrel 3045 preferably comprises a substantially hollow tubtilar 
member or members. The second inner sealing mandrel 3045 may be fabricated 
from any number of conventional commercially available materials such as, for 
example, oilfield country tubular goods, low alloy steel, carbon steel, stainless 
steel or other similar hi^ strength materials. In a preferred embodiment, the 

10 second inner sealing mandrel 3045 is fabricated fi:om stainless steel in order to 
optimally provide hi^ strength, corrosion resistance, and low fiiction surfaces. 

The second inner sealing mandrel 3045 may be coupled to the first lower 
sealing head 3035 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 

15 tubular goods specialiy type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
second inner sealing mandrel 3045 is removably coupled to the first lower 
sealing head 3035 by a standard threaded connection. The second inner 
seahng mandrel 3045 may be coupled to the second lower sealing head 3055 

20 using any number of conventional commercially available mechanical couplings 
sudi as, for example, drillpipe connection, oilfield cotmtry tubular goods 
specialty type threaded connection, ratchet-latch type connection, or a standard 
threaded connection. In a preferred embodiment, the second inner sealing 
mandrel 3045 is removably coupled to the second lower sealing head 3055 by a 

25 standard threaded connection. 

The second inner sealing mandrel 3045 preferably includes a flmd 
passage 3100 that is adapted to convey fluidic materials from the fluid passage 
3095 into the fluid passage 3105. In a preferred embodiment, the fluid passage 
3100 is adapted to convey fluidic materials such as, for example, cement, epoxy, 

30 water, drilling mud or lubricants at operating pressiures and flow rates ranging 
fi'om about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 
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The second inner dealing mandi'el 3045 further preferably includes fluid 
passages 3120 that are adapted to convey fluidic materials from the fluid 
passage 3100 into the second pressure chamber 3190 defined by the second 
upper sealing head 3050, the second lower sealing head 3055, the second inner 
5 sealing mandrel 3045, and the second outer sealing mandrel 3060. During 
operation of the apparatus 3000, pressurization of the second pressure chamber 
3190 causes the first upper sealing head 3030, the first outer sealing mandrel 
3040, the second upper sealing head 3050, the second outer sealing mandrel 
3060, and the expansion cone 3070 to move in an axial direction. 

10 The second upper sealing head 3050 is coupled to the first outer sealing 

mandrel 3040 and the second outer sealing mandrel 3060. The second upper 
sealing head 3050 is also movably coupled to the outer surface of the second 
inner sealing mandrel 3045 and the inner surface of the casing 3075. In this 
manner, the second upper sealing head 3050 reciprocates in the axial direction. 

15 The radial clearance between the inner cylindrical surface of the second upper 
sealing head 3050 and the outer surface of the second inner sealing mandrel 
3045 may range, for example, from about 0.0025 to 0.06 inches. In a preferred 
embodiment^ the radial clearance between the inner cylindrical siuiace of the 
second upper sealing head 3050 and the outer surface of the second inner 

20 sealing mandrel 3045 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal radial clearance. The radial clearance between the 
outer cylindrical surface of the second upper sealing head 3050 and the inner 
surface of the casing 3075 may range, for example, from about 0.025 to 0.375 
inches. In a preferred embodiment, the radial clearance between the outer 

25 cylindrical surface of the second upper sealing head 3050 and the inner surface 
of the casing 3075 ranges from about 0.025 to 0.125 inches in order to optimally 
provide stabilization for the expansion cone 3070 during the expansion process. 



The second upper sealing head 3050 preferably comprises an annular 
member having substantially cylindrical inner and outer sxirfaces. The second 
30 upper sealing head 3050 may be fabricated from any nimiber of conventional 
commercially available materials sudi as, for example, oilfield country tubular 
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goods, low alloy steel, carbon steel, stainless steel or other sunilar high strength 
materials. In a preferred embodiment, the second upper sealing head 3050 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. The inner surface of the second 
5 upper sealing head 3050 preferably includes one or more annular sealing 
menoJbers 3195 for sealing the interface between the second upper sealing head 
3050 and the second inner sealing mandrel 3045. The sealing members 3195 
may comprise any number of conventional cozmnerdalfy available annular 
sealing members such as, for example, o-rings, polypak seals or metal spring 

10 energized seals. In a preferred embodiment, the sealing members 3195 
comprise polypak seals available from Parker Seals in order to optimally 
provide sealing for a long aadal stroke. 

In a preferred embodiment, the second upper sealing head 3050 includes 
a shoulder 3200 for supporting the first upper sealing head 3030, fibrst outer 

15 sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and expansion cone 3070 on the second lower sealing head 3055. 

The second upper sealing head 3050 may be coupled to the first outer 
sealing mandrel 3040 using any nmnber of conventional commercially available 

20 mechanical couplings such as, for example, drillpipe connection, oilfield coimtry 
tubular goods specialty type threaded cotmection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
second upper sealing head 3050 is removably coupled to the first outer sealing 
mandrel 3040 by a standard threaded connection. In a preferred embodiment, 

25 the mechanical coupling between the second upper sealing head 3050 and the 
first outer sealing mandrel 3040 includes one or more sealing members 3185 for 
fluididy sealing the interface between the second upper sealing head 3050 and 
the first outer sealing mandrel 3040. The second upper sealing head 3050 may 
be coupled to the second outer sealing mandrel 3060 using any ntunber of 

30 conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield coimtry tubular goods specialty type threaded 
coimection, ratchet-latch type threaded connection, or a standard threaded 
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connection. In a preferred embodiment, the second upper sealing head 3050 is 
removably coupled to the second outer sealing mandrel 3060 by a standard 
threaded connection* In a preferred embodiment^ the mechanical coupling 
between the second upper sealing head 3050 and the second outer sealing 
5 mandrel 3060 includes one or more sealing members 3205 for fltudidy sealing 
the interface between the second upper sealing head 3050 and the second outer 
sealing mandrel 3060. 

The second lower sealing head 3055 is coupled to the second inner 
sealing mandrel 3045 and the load mandrel 3065. The second lower sealing 

10 head 3055 is also movably coupled to the inner surface of the second outer 
sealing mandrel 3060. In this manner, the first upper sealing head 3030, first 
outer sealing mandrel 3040, second upper sealing mandrel 3050, second outer 
sealing mandrel 3060, and expansion cone 3070 reciprocate in the axial 
direction. The radial clearance between the outer surface of the second lower 

15 sealing head 3055 and the inner surface of the second outer sealing mandrel 
3060 may range, for example, from about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the outer siurface of the second lower 
sealing head 3055 and the inner surface of the second outer sealing mandrel 
3060 ranges firom about 0.005 to 0.01 inches in order to optimally provide 

20 minimal radial clearance. 

The second lower sealing head 3055 preferably comprises an annular 
member having substantially cylindrical iimer and outer surfaces. The second 
lower sealing head 3055 may be fabricated firom any number of conventional 
commercially available materials such as, for example, oilfield country tubular 

25 goods, low alloy steel, carbon steel, stainless steel, or other similar hi^ 

strength materials. In a preferred embodiment, the second lower sealing head 
3055 is fabricated firom stainless steel in order to optimally provide hi^ 
strength, corrosion resistance, and low fiiction surfaces. The outer surface of 
the second lower sealing head 3055 preferably iacludes one or more annular 

30 sealing members 3210 for sealing the interface between the second lower 
sealing head 3055 and the second outer sealing mandrel 3060. The sealing 
members 3210 may comprise any number of conventional commercially 
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available annular sealing members such as, for example, o-rings, polypak seals, 
or metal spring energized seals. In a preferred embodiment, the sealing 
members 3210 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for long axial strokes. 
5 The second lower sealing head 3055 may be coupled to the second inner 

sealing mandrel 3045 using any niunber of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield coxmtry 
tubular goods specialty iype threaded connection, or a standard threaded 
connection. In a preferred embodiment, the second lower sealing head 3055 is 

10 removably coupled to the second inner sealing mandrel 3045 by a standard 
threaded connection* In a preferred embodiment, the mechanical coupling 
between the lower sealing head 3055 and the second inner sealing mandrel 
3045 includes one or more sealing members 3215 for fltudidy sealing the 
interface between the second lower sealing head 3055 and the second inner 

15 sealing mandrel 3045. The sealing members 3215 may comprise any nunaber of 
conventional commercially available sealing members such as, for sample, o- 
rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 3215 comprise pol3^ak seals available from 
Parker Seals in order to optimally provide sealing for long axial strokes. 

20 The second lower sealing head 3055 may be coupled to the load mandrel 

3065 using any number of conventional conunerdally available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, or a standard threaded connection. 
In a preferred embodiment, the second lower sealing head 3055 is removably 

25 coupled to the load mandrel 3065 by a standard threaded connection. In a 
preferred embodiment, the mechanical coupling between the second lower 
sealing head 3055 and the load mandrel 3065 includes one or more sealing 
members 3220 for fluididy sealing the interface between the second lower . 
sealing head 3055 and the load mandrel 3065. The sealing members 3220 may 

30 comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 3220 comprise polypak seals 
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available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

In a preferred embodiment, the second lower sealing head 3055 includes 
a throat passage 3225 flmdidy coupled between the fluid passages 3100 and 
5 3105. The throat passage 3225 is preferably of reduced size and is ad^ted to 
receive and engage with a plug 3230, or other similar device. In this manner, 
the fluid passage 3100 is fluididy isolated from the fluid passage 3105. In this 
manner, the pressure chambers 3175 and 3190 are pressurized. Furthermore, 
the placement of the plug 3230 in the throat passage 3225 also pressurizes the 

10 pressiire chambers 3130 of the hydraulic slips 3025. 

The second outer sealing mandrel 3060 is coupled to the second upper 
sealing head 3050 and the expansion cone 3070. The second outer sealing 
mandrel 3060 is also movably coupled to the inner surface of the casing 3075 
and the outer surface of the second lower sealing head 3055. In this manner, 

15 the first upper sealing head 3030, first outer sealing mandrel 3040, second 
upp^ sealing head 3050, second outer sealing mandrel 3060, and the expansion 
cone 3070 redprocate in the axial direction. The radial dearance between the 
outer sinrface of the second outer sealing mandrel 3060 and the inner surface of 
the casing 3075 may range, for example, from about 0.025 to 0.375 inches. In a 

20 preferred embodiment, the radial clearance between the outer siurfSace of the 
second outer sealing mandrel 3060 and the inner surface of the casing 3075 
ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 3070 during the expansion process. The 
radial dearance between the inner surface of the second outer sealing mandrel 

25 3060 and the outer surface of the second lower sealing head 3055 may range, for 
example, from about 0.0025 to 0.05 inches. In a preferred embodiment, the 
radial dearance between the inner surface of the second outer sealing mandrel 
3060 and the outer surface of the second lower sealing head 3055 ranges from 
about 0.005 to 0.01 inches in order to optimally provide minimal radial 

30 dearance. 

The second outer sealing mandrel 3060 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The second 
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outer sealing mandrel 3060 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield countiy tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the second outer sealing mandrel 3060 is 
5 fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The second outer sealing mandrel 3060 may be coupled to the second 
upper sealing head 3050 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, 

10 oilfield coimtry tubular goods specialty type threaded coimection, or a standard 
threaded coimection. In a prefOTred embodiment, the outer sealing mandrel 
3060 is removably coupled to the second upper sealing head 3050 by a standard 
threaded connection. The second outer sealing mandrel 3060 may be coupled to 
the expansion cone 3070 using any number of conventional commercially 

15 available mechanical couplings such as, for example, drillpipe connection, 

oilfield country tubular goods specialty type threaded coimection, or a standard 
threaded connection. In a preferred embodiment, the second outer sealing 
mandrel 3060 is removably coupled to the expansion cone 3070 by a standard 
threaded coimection. 

20 The first upper sealing head 3030, the first lower seahng head 3035, the 

first inner sealing mandrel 3020, and the first outer sealing mandrel 3040 
together define the first i>ressure chamber 3175. The second upper sealing head 
3050, the second lower sealing head 3055, the second inner sealing mandrel 
3045, and the second outer sealing mandrel 3060 together define the second 

25 pressiu*e chamber 3190, The first and second pressure chambers, 3175 and 
3190, are fluididy coupled to the passages, 3095 and 3100, via one or more 
passages, 3115 and 3120. During operation of the apparatus 3000, the plug 
3230 engages with the throat passage 3225 to fluididy isolate the fluid passage 
3100 from the fluid passage 3105. The pressure chambers, 3175 and 3190, are 

30 then pressurized which in turn causes the first upper sealing head 3030, the 
first outer sealing mandrel 3040, the second upper sealing head 3050, the 
second outer sealing mandrel 3060, and expansion cone 3070 to redprocate in 
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the axial direction. Th4 axial motion of the expansion cone 3070 in turn 
expands the casing 3075 in the radial direction. The use of a plurality of 
pressure chambers, 3175 and 3190, efiTectively multiplies the available driving 
force for the expansion cone 3070. 
5 The load mandrel 3065 is coupled to the second lower sealing head 3055. 

The load mandrel 3065 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The load mandrel 3065 may 
be fabricated &om any niunber of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
10 carbon steel, stainless steel or oth^ similar high strength materials. In a 
preferred embodiment, the load mandrel 3065 is fabricated from stainless steel 
in order to optimally provide high strength, corrosion resistance, and low 
Mction surfaces. 

The load mandrel 3065 may be coupled to the lower sealing head 3055 

15 using any nmnber of conventional commercially available mechanical couplings 
such as, for example, epoxy, cement, water, drilling mud, or lubricants. In a 
preferred entibodiment, the load mandrel 3065 is removably coupled to the lower 
sealing head 3055 by a standard threaded connection. 

The load mandrel 3065 preferably includes a fluid passage 3105 that is 

20 adapted to convey fluidic materials from the fluid passage 3100 to the region 
outside of the apparatus 3000. In a preferred embodiment, the Quid passage 
3105 is adapted to convey fluidic materials such as, for example, cement, epoxy, 
water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

25 The expansion cone 3070 is coupled to the second outer sealing mandrel 

3060. The expansion cone 3070 is also movably coupled to the inner surface of 
the casing 3075. In this manner, the first upper sealing head 3030, first outer 
sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and the expansion cone 3070 reciprocate in the axial direction. 

30 The reciprocation of the expansion cone 3070 causes the casing 3075 to expand 
in the radial direction. 
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The expansion cone 3070 preferably comprises an annular member 
having substantially cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical stuiace may range, for example, firom about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
5 surface ranges from about 3 to 28 inches in order to optimally provide an 
expansion cone 3070 for expanding typical casings. The axial length of the 
expansion cone 3070 may range, for example, from about 2 to 8 times the 
TnayiTniiTn outer diameter of the expansion cone 3070. In a preferred 
embodiment, the axial length of the expansion cone 3070 ranges from about 3 

10 to 5 times the maximum outer diameter of the expansion cone 3070 in order to 
optimally provide stabilization and centralization of the expansion cone 3070 
dtiring the expansion process. In a particularly preferred embodiment, the 
maximum outside diameter of the expansion cone 3070 is between about 95 to 
99 % of the inside diameter of the existing wellbore that the casing 3075 wiU be 

15 joined with. In a preferred embodiment, the angle of attack of the expansion 
cone 3070 ranges from about 5 to 30 degrees in order to optimally balance the 
frictional forces with the radial expansion forces. 

The expansion cone 3070 may be fabricated from any number of 
conventional commercially available materials such as, for example, machine 

20 tool steel, nitride steel, titanium, tungsten carbide, ceramics, or oth^ similar 
high strength materials. In a preferred embodiment, the expansion cone 3070 
is fabricated from D2 machine tool steel in order to optimally provide high 
strength and resistance to wear and galling. In a particularly preferred 
embodiment, the outside surface of the expansion cone 3070 has a siurface 

25 hardness ranging from about 58 to 62 Rockwell C in order to optimally provide 
high strength and resistance to wear and galling. 

The expansion cone 3070 may be coupled to the second outside sealing 
mandrel 3060 using any number of conventional conomerdally available 
mechanical couplings such as, for example, drillpipe connection, oilfield coimtry 

30 tubular goods specialty type threaded connection, ratchet-latch type connection 
or a standard threaded connection. In a preferred embodiment, the expansion 
cone 3070 is coupled to the second outside sealing mandrel 3060 using a 
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standard threaded connection in order to optimally provide high strength and 
ea^ disassembly. 

The casing 3075 is removably coupled to the slips 3025 and the expansion 
cone 3070. The casing 3075 preferably comprises a tubtilar member. The 
5 casing 3075 may be fabricated from any number of conventional commercially 
available materials such as, for example, slotted tubulars, oilfield country 
tubular goods, carbon steel, low alloy steel, stainless steel, or other similar high 
strength materials. In a preferred embodiment, the casing 3075 is fabricated 
from oilfield cotmtry tubtilar goods available from various foreign and domestic 
10 steel mills in order to optimal^ provide high strength. 

In a preferred emJbodiment, the upper end 3235 of the casing 3075 
includes a tiiin wall section 3240 and an outer annular sealing member 3245. 
In a preferred enobodiment, the wall thickness of the thin wall section 3240 is 
about 50 to 100 % of the regular wall thickness of the casing 3075. In this 
15 manner, the upper end 3235 of the casing 3075 ntiay be easily radially expanded 
and deformed into intimate contact with the lower end of an existing section of 
wellbore casing. In a preferred embodiment^ the lower end of the existing 
section of casing also includes a thin wall section. In this manner, the radial 
expansion of the thin walled section 3240 of casing 3075 into the thin walled 
20 section of the existing wellbore casing restdts in a wellbore casing having a 
substantially constant inside diameter. 

The anniilar sealing member 3245 may be fabricated from any number of 
conventional commercially available sealing materials such as, for example, 
epoxy, rubber, metal or plastic In a preferred embodiment, the annular sealing 
25 member 3245 ia fabricated from StrataLock epoxy in order to optimally provide 
compressibility and wear resistance. The outside diameter of the annular 
sealing member 3245 preferably ranges from about 70 to 95 % of the inside 
diameter of the lower section of the wellbore casing that the casing 3075 is 
joined to. In this manner, after radial expansion, the annular sealing member 
30 3245 optimally provides a fluidic seal and also preferably optimally provides 
sufficient fiictional force with the inside stuface of the existing section of 
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wellbore casing diiring the radial expansion of the casing 3075 to support the 
casing 3075. 

In a preferred embodiment, the lower end 3250 of the casing 3075 
includes a thin wall section 3255 and an outer annular sealing member 3260. 
5 In a preferred embodiment, the wall thickness of the thin wall section 3255 is 
about 50 to 100 % of the regular wall thickness of the casing 3075. In this 
manner, the lower end 3250 of the casing 3075 may be easily expanded and 
deformed. Furthermore, in this manner, an other section of casing may be 
easily joined with the lower end 3250 of the casing 3075 using a radial 

10 expansion process. In a preferred embodiment, the upper end of the other 
section of casing also includes a thin wall section. In this manner, the radial 
expansion of the thin walled section of the upper end of the other casing into 
the thin walled section 3255 of the lower end 3250 of the casing 3075 residts in 
a wellbore casing having a substantially constant inside diameter. 

15 The upper annular seaUng member 3245 may be fabricated from any 

number of conventional commercially available sealing materials such as, for 
example, epoxy, rubber, metal or plastic. In a preferred embodiment, the upper 
aimular sealing member 3245 is fabricated from Stratalock epoxy in order to 
optimally provide compressibihty and resistance to wear. The outside diameter 

20 of the upper annular sealing men:iber 3245 preferably ranges from about 70 to 
95 % of the inside diameter of the lower section of the existing wellbore casing 
that the casing 3075 is joined to. In this manner, after radial expansion, the 
upper annular sealing member 3245 preferably provides a fluidic seal and also 
preferably provides sufBdent frictional force with the inside wall of the 

25 wellbore during the radial expansion of the casing 3075 to support the casing 
3075. 

The lower annular sealing member 3260 may be fabricated from any 
number of conventional commercially available sealing materials such as, for 
example, epoxy, rubber, metal or plastic. In a preferred embodiment, the lower 
30 annular sealing member 3260 is fabricated from StrataLock epo^ in order to 
optimally provide compressibility and resistance to wear. The outside diameter 
of the lower annular sealing member 3260 preferably ranges from about 70 to 
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95 % of the inside diameter of the lower section of the existing wellbore casing 
that the casing 3075 is joined to. In this manner, the lower annular sealing 
member 3260 preferably provides a flmdic seal and also preferably provides 
sufficient Mctional force with the inside wall of the wellbore during the radial 
5 expansion of the casing 3075 to support the casing 3075. 

During operation, the apparatus 3000 is preferably positioned in a 
wellbore with the upper end 3235 of the casing 3075 positioned in an 
overlapping relationship with the lower end of an existing wellbore casing. In a 
particularly preferred embodiment, the thin wall section 3240 of the casing 

10 3075 is positioned in opposing overlapping relation with the thin wall section 
and outer annular sealing member of the lower end of the existing section of 
wellbore casing. In this manner, the radial expansion of the casing 3075 will 
compress the thin wall sections and anntdar compressible members of the upper 
end 3235 of the casing 3075 and the lower end of the existing wellbore casing 

15 into intimate contact. Ihuing the positioning of the apparatus 3000 in the 
wellbore, the casing 3000 is preferably supported by the expansion cone 3070. 

After positioning the apparatus 3000, a first fluidic material is then 
pumped into the fluid passage 3080. The first fluidic material may comprise 
any nimiber of conventional commercially available materials such as, for 

20 example, drilling mud, water, epo^, cement, slag mix or lubricants. In a 
preferred embodiment, the first fluidic material comprises a hardenable fluidic 
sealing material such as, for example, cement, eposcy, or slag mix in order to 
optimally provide a hardenable outer annidar body around the expanded casing 
3075. 

25 The first fluidic material may be pumped into the fluid passage 3080 at 

operating pressures and flow rates ranging, for example, fi-om about 0 to 4,500 
psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the first fliudic 
material is pumped into the fltiid passage 3080 at operating pressures and flow 
rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order 

30 to optimally provide operating efficiency. 

The first fluidic material piunped into the fltdd passage 3080 passes 
through the fluid passages 3085, 3090, 3095, 3100, and 3105 and then outside of 
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the apparatus 3000. The first fluidic material then preferably fiuUs the annular 
region between the outside of the apparatus 3000 and the interior walls of the 
wellbore. 

The plug 3230 is then introduced into the flnid passage 3080. The plug 
5 3230 lodges in the throat passage 3225 and fluididy isolates and blocks off the 
fluid passage 3100. In a preferred embodiment, a couple of volmnes of a non- 
hardenable fluidic material are then pimiped into the fluid passage 3080 in 
order to remove any hardenable fluidic material contained within and to ensure 
that none of the fluid passages are blocked. 

10 A second fluidic material is then pumped into the fluid passage 3080. 

The second fluidic material may comprise any number of conventional 
conmiercially available materials such as, for example, water, drilling gases, 
drilling mud or lubricant. In a preferred embodiment, the second fluidic 
material comprises a non-hardenable fluidic material such as, for example, 

15 water, drilling mud, drilling gases, or lubricant in order to optimally provide 
pressurization of the pressure chambers 3175 and 3190. 

The second flxiidic material may be pumped into the fluid passage 3080 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gaUons/minute, In a preferred embodiment, the second 

20 fluidic material is pTunped into the fluid passage 3080 at operating pressures 
and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute 
in order to optimally provide operational efifldency. 

The second fluidic material ptmiped into the fluid passage 3080 passes 
through the fluid passages 3085, 3090, 3095, 3100 and into the pressure 

25 chambers 3130 of the sUps 3025, and into the pressure chambers 3175 and 
3190. Continued pumping of the second fluidic material pressurizes the 
pressiure chambers 3130, 3175, and 3190. 

The pressinization of the pressiure chambers 3130 causes the h3rdraulic 
slip members 3140 to expand in the radial direction and grip the interior 

30 surface of the casing 3075. The casing 3075 is then preferably maintained in a 
substantially stationary position. 
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The pressurization of the pressure chambers 13175 and 3190 cause the 
first upper sealing head 3030, first outer sealing mandrel 3040, second upper 
sealing head 3050, second outer sealing mandrel 3060, and expansion cone 3070 
to move in an axial direction relative to the casing 3075. In this manna:, the 
5 expansion cone 3070 wiU cause the casing 3075 to expand in the radial 
direction, beginning with the lower end 3250 of the casing 3075. 

During the radial expansion process, the casing 3075 is prevented from 
moving in an upward direction by the slips 3025. A length of the casing 3075 is 
then expanded in the radial direction throu^ the presstirization of the pressure 

10 chambers 3175 and 3190. Thelengthof the casing 3075 that is expanded 
dturing the expansion process will be proportional to the stroke length of the 
first upper sealing head 3030, first outer sealing mandrel 3040, second upper 
sealing head 3050, and expansion cone 3070. 

Upon the completion of a stroke, the operating pressure of the second 

15 fluidic material is reduced and the first upper sealing head 3030, first out^ 
sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and expansion cone 3070 drop to their rest positions with the 
casing 3075 supported by the expansion cone 3070, The reduction in the 
operating pressure of the second fluidic material also causes the spring bias 

20 3135 of the slips 3025 to pull the slip members 3140 away fi:t>m the inside walls 
of the casing 3075. 

The position of the drillpipe 3075 is preferably adjusted throughout the 
radial expansion process in order to maintain the overlapping relationship 
between the thin walled sections of the lower end of the existing wellbore casing 

25 and the upper end of the casing 3235. In a preferred embodiment, the stroking 
of the expansion cone 3070 is then repeated, as necessary, tmtil the thin walled 
section 3240 of the upper end 3235 of the casing 3075 is expanded into the thin 
walled section of the lower end of the existing wellbore casing. In this manner, 
a wellbore casing is formed including two adjacent sections of casing having a 

30 substantially constant inside diameter. This process may then be repeated for 
the entirety of the wellbore to provide a wellbore casing thousands of feet in 
length having a substantially constant inside diameter. 
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In a preferred embodiment^ during the final stroke of the expansion cone 
3070, the slips 3025 are positioned as close as possible to the thin walled section 
3240 of the upper end 3235 of the casing 3075 in order minimize slippage 
between the casing 3075 and the existing wellbore casing at the end of the 
5 radial expansion process. Alternatively, or in addition, the outside diameter of 
the upper annular sealing member 3245 is selected to ensure sufSdent 
interference fit with the inside diameter of the lower end of the existing casing 
to prevent axial displacement of the casing 3075 during the final stroke. 
Alternatively, or in addition, the outside diameter of the lower annular sealing 

10 member 3260 is selected to provide an interference fit with the iaside walls of 
the wellbore at an earlier point in the radial expansion process so as to prevent 
further axial displacement of the casing 3075. In this final alternative, the 
interference fit is preferably selected to permit expansion of the casing 3075 by 
p ullin g the expansion cone 3070 out of the wellbore, without having to 

15 pressurize the pressiure cbambers 3175 and 3190, 

During the radial expansion process, the pressurized areas of the 
apparatus 3000 are preferably limited to the flitid passages 3080, 3085, 3090, 
3095, 3100, 3110, 3115, 3120, the pressure chambers 3130 within the slips 
3025, and the pressure cbambers 3175 and 3190. No fluid pressure acts directly 

20 on the casing 3075. This permits the use of operating pressiures hi^er than the 
casing 3075 could normally withstand. 

Once the casing 3075 has been completely expanded off of the expansion 
cone 3070, the remaining portions of the apparatus 3000 are removed from the 
wellbore. In a preferred embodiment, the contact pressure between the 

25 deformed thin wall sections and compressible annular members of the lower 
end of the existing casing and the upper end 3235 of the casing 3075 ranges 
fr-om about 400 to 10,000 psi in order to optimally support the casing 3075 
using the existing wellbore casing. 

In this manner, the casing 3075 is radially expanded into contact with an 

30 existing section of casing by pressturizing the interior fluid passages 3080, 3085, 
3090, 3095, 3100, 3110, 3115, and 3120, the pressure chambers 3130 of the slips 
3025 and the pressure chambers 3175 and 3190 of the tqpparatus 3000. 
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In a preferred embodiment^ as required, the annidar body of hardenable 
fluidic material is then allowed to cure to form a rigid outer aimular body about 
the expanded casing 3075. In the case where the casing 3075 is slotted, the 
cured fluidic material preferably permeates and envelops the expanded casing 
5 3075. The resulting new section of wellbore casing includes the expanded 
casing 3075 and the rigid outer annular body. The overlapping joint between 
the pre-existing weUbore casing and the expanded casing 3075 includes the 
deformed thin wall sections and the compressible outer annular bodies. The 
inner diameter of the resulting combined weUbore casings is substantially 

10 constant. In this manner, a mono-diameter wellbore casing is formed. This 
process of expanding overlapping tubular members having thin wall end 
portions with compressible aimular bodies into contact can be repeated for the 
entire length of a wellbore. In this manner, a mono-diameter wellbore casing 
can be provided for thousands of feet in a subterranean formation. 

15 In a preferred embodiment, as the expansion cone 3070 nears the upper 

end 3235 of the casing 3075, the operating flow rate of the second fluidic 
material is reduced in order to minimize shock to the apparatus 3000. In an 
alternative embodiment, the apparatus 3000 includes a shock absorber for 
absorbing the shock created by the completion of the radial expansion of the 

20 casing 3075. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 3070 
nears the end of the casing 3075 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 3070. In a preferred embodiment, 

25 the operating pressure of the second fluidic material is reduced during the 
return stroke of the apparatus 3000 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 3070 during the 
return stroke. In a preferred entibodiment, the stroke length of the apparatus 
3000 ranges from about 10 to 45 feet in order to optimally provide equipment 

30 that can be easily handled by typical oil well rigging equipment and also 
minimize the frequency at which the apparatus 3000 must be re-stroked. 
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In an alternative embodiment^ at least a portion of one or both of the 
upper sealing heads, 3030 and 3050, includes an expansion cone for radially 
expanding the casing 3075 during operation of the apparatus 3000 in order to 
increase the surface area of the casing 3075 acted upon during the radial 
5 expansion process. In this manner, the operating pressures can be reduced. 

Alternatively, the apparatus 3000 may be used to join a first section of 
pipeline to an existing section of pipeline. Alternatively, the apparatus 3000 
may be used to directly line the intCTior of a weUbore with a casing, without the 
use of an outer aimiilar layer of a hardenable material. Alternatively, the 
10 apparatus 3000 may be used to expand a tubular support member in a hole- 
Referring now to Figure 21, an apparatus 3330 for isolating subterranean 
zones will be described. A wellbore 3306 including a casing 3310 are positioned 
in a subterranean formation 3315. The subterranean formation 3315 includes a 
niunber of productive and non-productive zones, induding a water zone 3320 
15 and a targeted oil sand zone 3325. During exploration of the subterranean 
formation 3315, the wellbore 3305 may be extended in a well known manner to 
traverse the various productive and non-productive zones, including the water 
zone 3320 and the targeted oil sand zone 3325. 

In a preferred embodiment, in order to fluidicly isolate the water zone 
20 3320 from the targeted oil sand zone 3325, an apparatus 3330 is provided that 
includes one or more sections of solid casing 3335, one or more external seals 
3340, one or more sections of slotted casing 3345, one or more intermediate 
sections of solid casing 3350, and a solid shoe 3355. 

The solid casing 3335 may provide a fluid conduit that transmits fluids 
25 and other materials from one end of the solid casing 3335 to the other end of 
the solid casing 3335. The solid casing 3335 may comprise any nmnber of 
conventional conmiercially available sections of solid tubular casing such as, for 
example, oilfield tubulars fabricated from chromium steel or fiber^ass. In a 
preferred embodiment, the solid cashig 3335 comprises oilfield tubulars 
30 available from various foreign and domestic steel mills. 

The solid casing 3335 is preferably coupled to the casing 3310. The solid 
casing 3335 may be coupled to the casing 3310 using any number of 
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conventional commercially available processes such as, for example, welding, 
slotted and expandable connectors, or expandable solid connectors. In a 
preferred embodiment, the solid casing 3335 is coupled to the casing 3310 by 
using expandable solid connectors* The solid casing 3335 may comprise a 
5 plurality of such solid casings 3335. 

The solid casing 3335 is preferably coupled to one more of the slotted 
casings 3345. The solid casing 3335 may be coupled to the slotted casing 3345 
using any number of conventional commercially available processes such as, for 
example, welding, or slotted and expandable connectors. In a preferred 

10 embodiment, the solid casing 3335 is coupled to the slotted casing 3345 by 
expandable solid connectors. 

In a preferred enxbodiment, the casing 3335 includes one more valve 
members 3360 for controUiag the flow of flidds and other materials within the 
interior region of the casing 3335. In an alternative embodiment, during the 

15 production mode of operation, an internal tubular string with various 

arrangements of packers, perforated tubing, sliding sleeves, and valves may be 
employed within the apparatus to provide various options for conmiingling and 
isolating subterranean zones &om each other while providing a fluid path to the 
surface. 

20 In a particularly prefim*ed embodiment, the casing 3335 is placed into 

the wellbore 3305 by expanding the casing 3335 in the radial direction into 
intimate contact with the interior walls of the wellbore 3305. The casing 3335 
may be expanded in the radial direction using any niunber of conventional 
commercially available methods. In a preferred embodiment, the casing 3335 is 

25 expanded in the radial direction using one or more of tbe processes and 
^paratus described within the present disclosure. 

The seals 3340 prevent the passage of fluids and other materials within 
the annular region 3365 between the solid casings 3335 and 3350 and the 
wellbore 3305. The seals 3340 may comprise any number of conventional 

30 conunerciaUy available sealing materials smtable for sealing a casing in a 
wellbore such as, for example, lead, rubber or epo^. In a preferred 
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embodiment^ the seals 3340 comprise Stratalok eposy material available from 
Halliburton Energy Services. 

The slotted casing 3345 permits fluids and other materials to pass into 
and out of the interior of the slotted casing 3345 from and to the annular region 
5 3365. In this manner, oil and gas may be produced from a producing 

subterranean zone within a subterranean formation. The slotted casing 3345 
may comprise any number of conventional conunerdally available sections of 
slotted tubular casing. In a prefimred embodiment, the slotted casing 3345 
comprises expandable slotted tubular casing available from Petroline in 

10 Abeerdeen, Scotland. In a particularly preferred embodiment, the slotted 
casing 145 comprises expandable slotted sandscreen tubular casing available 
from Petroline in Abeerdeen, Scotland. 

The slotted casing 3345 is preferably coupled to one or more solid casing 
3335. The slotted casing 3345 may be coupled to the soUd casing 3335 using 

15 any niunber of conventional commercially available processes such as, for 
example, welding, or slotted or solid expandable connectors. In a preferred 
embodiment, the slotted casing 3345 is coupled to the solid casing 3335 by 
expandable solid connectors. 

The slotted casing 3345 is preferably coupled to one or more 

20 intermediate solid casings 3350. The slotted casing 3345 may be coupled to the 
intermediate solid casing 3350 using any ntmiber of conventional commercially 
available processes such as, for example, welding or expandable solid or slotted 
coimectors. In a preferred embodiment, the slotted casing 3345 is coupled to 
the intermediate solid casing 3350 by expandable sohd connectors. 

25 The last section of slotted casing 3345 is preferably coupled to the shoe 

3355. The last slotted casing 3345 may be coupled to the shoe 3355 tising any 
nimiber of conventional commerdaUy available processes such as, for example, 
welding or expandable solid or slotted connectors. In a preferred embodiment, 
the last slotted casing 3345 is coupled to the shoe 3355 by an expandable solid 

30 connector. 

In an alternative embodiment, the shoe 3355 is coupled directly to the 
last one of the intermediate solid casings 3350. 

-220- 



25791.23.02 



In a preferred embodiment^ the slotted casings 3345 are positioned 
within the wellbore 3305 by expanding the slotted casings 3345 in a radial 
direction into intimate contact with the interior walls of the wellbore 3305, The 
slotted casings 3345 may be expanded in a radial direction using any number of 
5 conventional commercially available processes. In a preferred embodiment, the 
slotted casings 3345 are expanded in the radial direction using one or more of 
the processes and apparatus disclosed in the present disclosure with reference 
to Figures 14a-20. 

The intermediate soUd casing 3350 permits fluids and other materials to 

10 pass between adjacent slotted casings 3345. The intermediate solid casing 3350 
may comprise any number of conventional conmierdally available sections of 
solid tubular casiQg such as, for example, oilfield tubulars fabricated from 
chromium steel or fiberglass. In a preferred embodiment, the intermediate 
solid casing 3350 comprises oilfield tubulars available firom foreign and 

15 domestic steel miUs. 

The intermediate solid casing 3350 is preferably coupled to one or more 
sections of the slotted casing 3345. The intermediate solid casing 3350 may be 
coupled to the slotted casing 3345 using any number of conventional 
commerdaDy available processes such as, for example, welding, or solid or 

20 slotted expandable connectors. In a preferred embodiment, the intermediate 
solid casing 3350 is coupled to the slotted casing 3345 by expandable solid 
connectors. The intermediate solid casing 3350 may comprise a plurality of 
such intermediate solid casing 3350. 

In a preferred embodiment, each intermediate solid casing 3350 indudes 

25 one more valve members 3370 for controlling the flow of fluids and other 
materials within the interior region of the intermediate casing 3350. In an 
alternative embodiment, as will be recognized by persons having ordinary skill 
in the art and the benefit of the present disdosure, during the production mode 
of operation, an internal tubular string with various arrangements of packers, 

30 perforated tubing, sUding sleeves, and valves may be employed within the 
apparatus to provide various options for commingling and isolating 
subterranean zones fi-om each other while providing a fluid path to the siurface. 
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In a particularly preferred embodiment, the intermediate casing 3350 is 
placed into the wellbore 3305 by expanding the intermediate casing 3350 in the 
radial direction into intimate contact with the interior walls of the wellbore 
3305. The intermediate casing 3350 may be expanded in the radial direction 
5 using any nimiber of conventional commercially available methods. 

In an alternative embodiment, one or more of the intermediate solid 
casings 3350 may be ondtted. In an alternative preferred embodiment, one or 
more of the slotted casings 3345 are provided with one or more seals 3340. 

The shoe 3355 provides a support memb^ for the apparatus 3330. In 
10 this manner, various production and exploration tools may be supported by the 
show 3350. The shoe 3350 may comprise any number of conventional 
commercially available shoes suitable for use in a wellbore such as, for example, 
cement filled shoe, or an aluminum or composite shoe. In a preferred 
embodiment, the shoe 3350 comprises an aluminum shoe available from 
15 Hallibiui»n. In a preferred embodiment, the shoe 3355 is selected to provide 
sufficient strength in compression and tension to permit the use of high 
capacity production and exploration tools. 

In a particularly preferred embodiment, the apparatus 3330 includes a 
plurality of solid casings 3335, a plurality of seals 3340, a pliu-ality of slotted 
20 casings 3345, a plurality of intermediate solid casings 3350, and a shoe 3355. 
More generally, the apparatus 3330 may comprise one or more solid casings 
3335, each with one or more valve members 3360, n slotted casings 3345, n-1 
intermediate solid casings 3350, each with one or more valve members 3370, 
and a shoe 3355. 

25 Ehunng operation of the apparatus 3330, oil and gas may be controllably 

produced from tJie targeted oil sand zone 3325 using the slotted casings 3345. 
The oil and gas may then be transported to a siurface location using the solid 
casing 3335. The use of intermediate solid casings 3350 with valve members 
3370 permits isolated sections of the zone 3325 to be selectively isolated for 

30 production. The seals 3340 permit the zone 3325 to be fluididy isolated from 
the zone 3320. The seals 3340 further permits isolated sections of the zone 
3325 to be fluidicly isolated from each other. In this manner, the apparatus 
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3330 permits unwanted and/or non-productive subterranean zones to be 
fluididy isolated 

In an alternative embodiment, as will be recognized by persons having 
ordinary skill in the art and also having the benefit of the present disdosiire, 
5 during the production mode of operation, an internal tubular string with 
various arrangements of packers, perforated tubing, sliding sleeves^ and valves 
may be employed within the apparatus to provide various options for 
commingling and isolating subterranean zones firom each other while providing 
a fitud path to the surface. 

10 Referring to Figures 22a, 22b, 22c and 22d, an embodiment of an 

apparatus 3500 for forming a wellbore casing while drilling a wellbore will now 
be described. In a preferred embodiment, the apparatus 3500 indudes a 
support member 3505, a nciandrel 3510, a mandrel launcher 3515, a shoe 3520, a 
tubular member 3525, a mud motor 3530, a drill bit 3535, a first fluid passage 

15 3540, a second fluid passage 3545, a pressure chamber 3550, a third fluid 
passage 3555, a cup seal 3560, a hody of lubricant 3565, seals 3570, and a 
releasable coupling 3600. 

The support member 3505 is coupled to the mandrel 3510. The support 
member 3505 preferably comprises an annular member having suffldent 

20 strength to cany and support the apparatus 3500 within the wellbore 3575. In 
a preferred embodiment, the support member 3505 further indudes one or 
more conventional centralizers (not illustrated) to help stabilize the £^paratus 
3500. 

The support member 3505 may comprise one or more sections of 
25 conventional commerdally available tubular materials such as, for example, 
oilfield country tubular goods, low alloy steel, stainless steel or carbon steel. In 
a preferred embodiment, the support member 3505 comprises coiled tubing or 
drillpipe in order to optimally permit the placement of the apparatus 3500 
within a non-vertical wellbore. 
30 In a preferred embodiment, the support member 3505 indudes a first 

fluid passage 3540 for conveying fluidic materials firom a surface location to the 
fluid passage 3545. In a preferred embodiment, the first fluid passage 3540 is 
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adapted to convey fluidic materials such as water, drilling mud, cement, epoxy 
or slag mix at operating pressures and flow rates ranging firom about 0 to 
10,000 psi and 0 to 3,000 gallons/minute. 

The mandrel 3510 is coupled to and supported by the support member 
5 3505. The mandrel 3510 is also coupled to and supports the mandrel launcher 
3515 and tubular member 3525. The mandrel 3510 is preferably adapted to 
controllably expand in a radial direction. The mandrel 3510 may comprise any 
ntunber of conventional commercially available mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
10 embodiment, the mandrel 3510 comprises a hydraulic expansion tool as 

disclosed in U.S. Patent No. 5,348,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

In a preferred embodiment, the mandrel 3510 includes one or more 

15 conical sections for expanding the tubular member 3525 in the radial direction. 
In a preferred embodiment, the outer surfaces of the cordcal sections of the 
mandrel 3510 have a smrface hardness ranging firom about 58 to 62 Rockwell C 
in order to optimally radially expand the tubular member 3525. 

In a preferred embodiment, the mandrel 3510 includes a second fluid 

20 passage 3545 fluidicly coupled to the first fluid passage 3540 and the pressure 
chamber 3550 for conveying flmdic materials firom the first fluid passage 3540 
to the pressure chamber 3550. In a preferred embodiment, the second fltiid 
passage 3545 is adapted to convey fluidic materials such as water, drilling mud, 
cement, epoxy or slag mix at operating pressures and flow rates ranging firom 

25 about 0 to 12,000 psi and 0 to 3,500 gallons/minute in order to optimally 
provide operating pressure for efficient operation. 

The mandrel launcher 3515 is coupled to the tubxilar member 3525, the 
mandrel 3510, and the shoe 3520. The mandrel launcher 3515 preferably 
comprises a tapered aimtilar member that mates with at a portion of at least 

30 one of the conical portions of the outer surface of the mandrel 3510. In a 
preferred embodiment, the waU thickness of the mandrel laxmcher is less than 
the wall thickness of the tubular member 3525 in order to facilitate the 
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initiation of the radial expansion process and facilitate the placement of the 
apparatus in openings having ti^t clearance. In a preferred embodiment, the 
wall thickness of the mandrel laimcher 3515 ranges from about 50 to 100 % of 
the wall thickness of the tubular member 3525 immediately adjacent to the 
5 mandrel latmcher 3515 in order to optimally fadliate the radial expansion 
process and facilitate the insertion of the apparatus 3500 into wellbore casings 
and other areas with tight clearances. 

The mandrel launcher 3515 may be fabricated from any number of 
conventional conmierdally available materials such as^ for example, oilfield 
10 country tubular goods, low alloy steel, carbon steel or stainless steel. In a 
preferred embodiment, the mandrel latmcher 3515 is fabricated firom oilfield 
coimtry tubular goods of higher strength by lower wall thickness than the 
tubular member 3525 in order to optimally provide a smaller container having 
approximately the same burst strength as the tubular member 3525. 
15 The shoe 3520 is coupled to the mandrel launch^ 3515 and the 

releasable coupling 3600. The shoe 3520 preferably comprises a substantially 
aimular member. In a preferred embodiment, the shoe 3520 or the releasable 
coupling 3600 include a third fluid passage 3555 fluidicly coupled to the 
pressure chamber 3550 and the mud motor 3530. 
20 The shoe 3520 may comprise any niunber of conventional commercially 

available shoes such as, for example, cement filled, altmiinum or composite 
modified in accordance with the teachings of the present disclosure. In a 
preferred embodiment, the shoe 3520 comprises a high strength shoe having a 
burst strength approximately equal to the burst strength of the tubular 
25 member 3525 and mandrel launcher 3515. The shoe 3520 is preferably coupled 
to the mud motor 3520 by a releasable coupling 3600 in order to optimally 
provide for removal of the mud motor 3530 and drill nit 3535 ui>on the 
completion of a drilling and casing operation. 

In a preferred embodiment, the shoe 3520 includes a releasable latch 
30 mechanism 3600 for retrieving and removing the mud motor 3530 and drill bit 
3535 upon the completion of the drilling and casing formation operations. In a 
preferred embodiment, the shoe 3520 further includes an anti-rotation device 
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for maintaining the shoe 3520 in a substantially stationary rotational position 
during operation of the apparatus 3500. In a preferred embodiment, the 
releasable latch mechanism 3600 is rdeasably coupled to the shoe 3520. 

The tubular member 3525 is supported by and coupled to the mandrel 
5 3510. The tubular member 3525 is expanded in the radial direction and 

extruded off of the mandrel 3510. The tubular member 3525 may be fabricated 
from any ntmaber of conventional commercially available materials such as, for 
example. Oilfield Country TubiJar Goods (OCTG), 13 diromium steel 
tubing/casing, automotive grade steel, or plastic tubin^casing. In a preferred 

10 embodiment, the tubular member 3525 is fabricated from OCTG in order to 
maxin^iize strength after expansion. The iimer and outer diameters of the 
tubular member 3525 may range, for example, from approximately 0.75 to 47 
inches and 1.05 to 48 inches, respectively. In a preferred embodiment, the 
inner and outer diameters of the tubular member 3525 range firom about 3 to 

15 16.5 inches and 3.5 to 16 inches, respectively in order to optimally provide 
TTtiTiiTTifll telescoping effect in the most commonly drilled wellbore sizes. The 
tubular member 3525 preferably comprises an anntdar member with soUd 
walls. 

In a preferred embodiment, the upper end portion 3580 of the tubular 
20 member 3525 is slotted, perforated, or otherwise modified to catch or slow down 
the mandrel 3510 when the mandrel 3510 completes the extrusion of tubular 
member 3525. For typical tubular member 3525 materials, the length of the 
tubular member 3525 is preferably limited to between about 40 to 20,000 feet in 
length. The tubular member 3525 may comprise a sin^e tubular member or, 
25 alternatively, a plurality of tubular members coupled to one another. 

The mud motor 3530 is coupled to the shoe 3520 and the drill bit 3535. 
The mud motor 3530 is also flmdicly coupled to the fluid passage 3555. In a 
preferred embodiment, the mud motor 3530 is driven by fluidic materials such 
as, for example, drilling mud, water, cement, epoxy, lubricants or slag mix 
30 conveyed &om the fluid passage 3555 to the mud motor 3530. In this manner, 
the mud motor 3530 drives the drill bit 3535. The operating pressures and flow 
rates for operating mud motor 3530 may range, for example, from about 0 to 
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12,000 psi and 0 to 10,000 gallons/minute. In a preferred embodiment, the 
operating pressures and flow rates for operating mud motor 3530 range from 
ai)out 0 to 5,000 psi and 40 to 3,000 gallons/minute. 

The mud motor 3530 may comprise any number of conventional 
5 commercially available mud motors, modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the size of the mud motor 
3520 and drill bit 3535 are selected to pass through the interior of the shoe 
3520 and the expanded tubular member 3525. In this manner, the mud motor 
3520 and drill bit 3535 may be retrieved from the downhole location upon the 

10 conclusion of the drilling and casing operations. 

The drill bit 3535 is coupled to the mud motor 3530. The drill bit 3535 is 
preferably adapted to be powered by the mud motor 3530. In this manner, the 
drill bit 3535 drills out new sections of the wellbore 3575. 

The drill bit 3535 may comprise any niunber of conventional 

15 commercially available drill bits, modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the size of the mud motor 
3520 and drill bit 3535 are selected to pass through the interior of the shoe 
3520 and the expanded tubidar member 3525. In this manner, the mud motor 
3520 and drill bit 3535 may be retrieved from the downhole location upon the 

20 conclusion of the drilling and casing operations. In several alternative 

preferred embodiments, the drill bit 3535 comprises an eccentric drill bit, a bi- 
centered drill bit, or a small diameter drill bit with an hydraulicaUy actuated 
under reamer. 

The first fluid passage 3540 permits fluidic materials to be transported to 
25 the second fluid passage 3545, the pressure chamber 3550, the third fluid 
passage 3555, and the mud motor 3530. The first fluid passage 3540 is coupled 
to and positioned within the support member 3505. The first fluid passage 
3540 preferably extends from a position adjacent to the surface to the second 
fluid passage 3545 within the mandrel 3510. The first fluid passage 3540 is 
30 preferably positioned along a centerline of the apparatus 3500. 

The second fluid passage 3545 permits fluidic materials to be conveyed 
from the first fluid passage 3540 to the pressure chamber 3550, the third fluid 
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passage 3555, and the mud motor 3530. The second fluid passage 3545 is 
coupled to and positioned within the mandrel 3510, The second fluid passage 
3545 preferably extends from a position adjacent to the first fluid passage 3540 
to the bottom of the mandrel 3510. The second fluid passage 3545 is preferably 
5 positioned substantially along the centerline of the apparatus 3500, 

The pressure chamber 3550 permits fluidic noaterials to be conveyed 
from the second fluid passage 3545 to the third fluid passage 3555, and the mud 
motor 3530. The pressure chamber is preferably defined by the region below 
the mandrel 3510 and witlun the tubular member 3525, mandrel launcher 

10 3515, shoe 3520, and releasable coupling 3600. During operation of the 

apparatus 3500, pressurization of the pressin-e chamber 3550 preferably causes 
the tubular member 3526 to be extruded off of the mandrel 3510. 

The third fluid passage 3555 permits fluidic materials to be conveyed 
from the pressure chamber 3550 to the mud motor 3530* The third fluid 

15 passage 3555 may be coupled to and positioned within the shoe 3620 or 

releasable coupling 3600. The third fluid passage 3565 preferably extends from 
a position adjacent to the pressure chamber 3550 to the bottom of the shoe 3520 
or releasable coupling 3600. The third fluid passage 3555 is preferably 
positioned substantially along the centerline of the apparatus 3500. 

20 The fluid passages 3540, 3545, and 3555 are preferably selected to convey 

materials such as cement, drilling mud or epoxies at flow rates and pressures 
ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to 
optimally operational efBdency. 

The cup seal 3560 is coupled to and supported by the outer surface of the 

25 support member 3505. The cup seal 3560 prevents foreign materials from 
entering the interior region of the tubidar member 3525. The cup seal 3560 
may comprise any number of conventional commercially available cup seals 
such as, for sample, TP cups or SIP cups modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the cup seal 

30 3560 comprises a SIP cup, available from Halliburton Energy Services in DaUas, 
TX in order to optimally block the entry of foreign materials and contain a body 
of lubricant. In a preferred embodiment, the apparatus 3500 includes a 
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plurality of such cup seals in order to optimally prevent the entry of foreign 
material into the interior region of the tubular member 3525 in the vicinity of 
the mandrel 3510. 

In a preferred embodiment^ a quantity of lubricant 3565 is provided in 
5 the annidar region above the mandrel 3510 mthin the interior of the tubular 
member 3525. In this manner, the extrusion of the tubidar member 3525 off of 
the mandrel 3510 is facilitated. The lubricant 3565 may comprise any ntunber 
of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Climax 1500 

10 Antisieze (3100). In a preferred embodiment, the lubricant 3565 comprises 
Climax 1500 Antisieze (3100) available from Climax Lubricants and Equipment 
Co. in Houston, TX in order to optimally provide optimmn lubrication to 
fadliate the expansion process. 

The seals 3570 are coupled to and supported by the end portion 3580 of 

15 the tubular member 3525. The seals 3570 are further positioned on an outer 
surface of the end portion 3580 of the tubular member 3525. The seals 3570 
permit the overlapping joint between the lower end portion 3585 of a 
preexisting section of casing 3590 and the end portion 3580 of the tubular 
member 3525 to be fluididy sealed. The seals 3570 may comprise any number 

20 of conventional conunerciaUy available seals such as, for example, lead, rubber. 
Teflon, or epoxy seals modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the seals 3570 are molded from 
Stratalock epoxy available firom Halliburton Energy Services in Dallas, TX in 
order to optimal^ provide a load bearing interference fit between the end 3580 

25 of the tubular member 3525 and the end 3585 of the pre-existing casing 3590. 
In a preferred embodiment, the seals 3570 are selected to optimally 
provide a sufBdent Mctional force to support the expanded tubular member 
3525 firom the pre-existing casing 3590. In a preferred embodiment, the 
fiictional force optimally provided by the seals 3570 ranges firom about 1,000 to 

30 1,000,000 Ibf in order to optimally support the expanded tubular member 3525. 
The releasable coupling 3600 is preferably releasably coupled to the 
bottom of the shoe 3520. In a preferred embodiment, the releasable coupling 

-229. 



25791.23.02 



3600 includes fluidic seals for sealing the interface between the releasable 
coupling 3600 and the shoe 3520. In this manner, the pressure chamber 3550 
may be pressurized. The releasable coupling 3600 may comprise any number of 
conventional concmiercially available releasable couplings suitable for drilling 
5 operations modified in accordance with the teachings of the present disclosure. 

As illustrated in Figure 22A, during operation of the apparatus 3500, the 
apparatus 3500 is preferably initially positioned within a preexisting section of 
a wellbore 3575 including a preexisting section of wellbore casing 3590. In a 
preferred embodiment, the upper end portion 3580 of the tubular member 3525 
10 is positioned in an overlapping relationship with the lower end 3685 of the 
preexisting section of casing 3590. In a preferred embodiment, the apparatus 
3500 is initially positioned in the wellbore 3575 with tiie drill bit 353 in contact 
with the bottom of the wellbore 3575. During the initial placement of the 
apparatus 3500 in the wellbore 3575, the tubular member 3525 is preferably 
15 supported by the mandrel 3510. 

As illustrated in Figure 22B, a fluidic material 3595 is then pimiped into 
the first fluid passage 3540. The fluidic material 3595 is preferably conveyed 
fi*om the first fluid passage 3540 to the second fluid passage 3546, the pressure 
chamber 3550, the third fluid passage 3555 and the inlet to the mud motor 
20 3530. The fluidic niaterial 3595 may comprise any number of conventional 
commercially available fluidic materials such as, for example, drilling mud, 
water, cement, epoxy or slag mix. The fluidic material 3595 may be pumped 
into the first fluid passage 3540 at operating pressiures and flow rates ranging, 
for example, from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 
25 The fluidic material 3595 will enter the inlet for the mud motor 3530 and 

drive the mud motor 3630. The fluidic material 3595 will then exit the mud 
motor 3530 and enter the annular region siuxotmding the apparatus 3500 
within the wellbore 3575. The mud motor 3530 will in turn drive the drill bit 
3535. The operation of the drill bit 3535 will drill out a new section of the 
30 wellbore 3575. 

In the case where the fluidic material 3595 comprises a hardenable 
fluidic material, the fluidic material 3595 preferably is permitted to cure and 
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fonn an outer annular body surroiinding the periphery of the expanded tubular 
member 3525. Alternatively, in the case where the fluidic material 3595 is a 
non-hardenable fluidic material, the tubular member 3595 preferably is 
expanded into intimate contact with the interior waUs of the wellbore 3575. In 
5 this manner, an outer anniilar body is not provided in all applications. 

As illustrated in Figure 22C, at some point during operation of the mud 
motor 3530 and drill bit 3535, the pressure drop across the mud motor 3530 
will create sufficient back pressure to cause the operating pressure within the 
pressure chamber 3550 to elevate to the pressure necessary to extrude the 
10 tubular member 3525 off of the mandrel 3510. The elevation of the operating 
pressure within the pressure chamber 3550 will then cause the tubular member 
3525 to extrude off of the mandrel 3510 as illustrated in Figure 22D. For 
typical tubular members 3525, the necessary operating pressure may range, for 
example, from about 1,000 to 9,000 psi. In this manner, a wellbore casing is 
15 formed simultaneous with the drilling out of a new section of wellbore. 

In a particularly preferred embodiment, during the operation of the 
apparatus 3500, the apparatus 3500 is lowered into the wellbore 3575 tmtil the 
drill bit 3535 is proximate the bottom of the weUbore 3575. Throughout this 
process, the tubular member 3525 is preferably supported by the mandrel 3510. 
20 The apparatus 3500 is then lowered until the drill bit 3535 is placed in contact 
with the bottom of the wellbore 3575. At this point, at least a portion of the 
wei^t of the tubular member 3525 is supported by the drill bit 3535. 

The fluidic material 3595 is then pumped into the first fluid passage 
3540, second fluid passage 3545, pressure chamber 3550, third fluid passage 
25 3555, and the inlet of the mud motor 3530. The mud motor 3530 then drives 
the drill bit 3535 to drill out a new section of the wellbore 3575. Once the 
differential pressmre across the mud motor 3530 exceeds the mim'TniiTn 
extrusion pressure for the tubtdar member 3525, the tubular member 3525 
begins to extrude off of the mandrel 3510. As the tubular member 3525 is 
30 extruded ofT of the mandrel 3510, the weight of the extruded i)ortion of the 
tubtilar member 3525 is transferred to and supported by the drill bit 3535. In a 
preferred embodiment, the ptimping pressure of the fluidic material 3595 is 
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maintained substantially constant tiirou^out this process. At some point 
during the process of extruding the tubular member 3525 ofif of the mandrel 
3510, a sufficient portion of the weight of the tubular member 3525 is 
transferred to the drill bit 3635 to stop the extrusion process due to the 
5 opposing force. Continued drilling by the drill bit 3535 eventually transfers a 
sufficient portion of the weight of the extruded portion of the tubular member 
3525 back to the mandrel 3510, At this point, the extrusion of the tubular 
member 3525 off of the mandrel 3510 continues. In this manner, the support 
member 3505 never has to be moved and no drillpipe coimections have to be 

10 made at the svurface since the new section of the wellbore casing within the 
newly drilled section of wellbore is created by the constant downward feeding of 
the expanded tubular member 3525 off of the mandrel 3510. 

Once the new section of wellbore that is lined with the fully expanded 
tubular member 3525 is completed, the support member 3505 and mandrel 

15 3510 are removed from the wellbore 3575. The drilling assembly including the 
mud motor 3530 and drill bit 3536 are then preferably removed by lowering a 
drillstring into the new section of wellbore casing and retrieving the drilling 
assembly by using the latch 3600. The expanded tubular member 3525 is then 
cemented using conventional squeeze cementing methods to provide a soUd 

20 annidar sealing member around the periphery of the expanded tubular member 
3525. 

Alternatively, the apparatus 3500 may be used to repair or form an 
underground pipeline or form a support member for a structure. In several 
preferred alternative embodiments, the teachings of the apparatus 3500 are 

25 combined with the teachings of the embodiments illustrated in Figures 1-21. 
For example, by operably coupling the mud motor 3530 and drill bit 3535 to the 
pressure chambers used to cause the radial expansion of the tubular mendsers 
of the embodiments illustrated and described with reference to Figures 1-21, 
the use of plugs may be eliminated and radial expansion of tubular members 

30 can be combined with the drilling out of new sections of wellbore. 

Referring now to FIGS. 23A, 23B and 23C, an apparatus 3700 for 
expanding a tubular member will be described. In a preferred embodiment, the 
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apparatus 3700 includes a support memb^ 3705^ a packer 3710, a first fluid 
conduit 3715, an annular fluid passage 3720, fluid inlets 3725, an annular seal 
3730, a second fluid conduit 3735, a fluid passage 3740, a mandrel 3745, a 
mandrel launcher 3750, a tubular member 3755, slips 3760, and seals 3765. In 
5 a preferred embodiment, the apparatus 3700 ia used to radially expand the 
tubular member 3755. In this manner, the apparatus 3700 may be tised to form 
a weUbore casing, line a wellbore casing, form a pipeline, line a pipeline, form a 
structural support member, or repair a wellbore casing, pipeline or structural 
support member. In a preferred embodiment, the apparatus 3700 is used to 
10 dad at least a portion of the tubular member 3755 onto a preexisting tubular 
member. 

The support member 3705 is preferably coupled to the packer 3710 and 
the mandrel launcher 3750. The support member 3705 preferably comprises a 
tubular member fabricated from any niunber of conventional commercially 

15 available materials such as, for example, oilfield country tubular goods, low 
aUoy steel, carbon steel, or stainless steel. The support member 3705 is 
preferably selected to fit through a preexisting section of wellbore casing 3770. 
In this manner, the apparatus 3700 may be positioned within the wellbore 
casing 3770. In a preferred embodiment, the support member 3705 is 

20 releasably coupled to the mandrel launcher 3750. In this manner, the support 
menober 3705 may be decoupled from the mandrel laxmcher 3750 upon the 
completion of an extrusion operation. 

The packer 3710 is coupled to the support member 3705 and the first 
fluid conduit 3715. The packer 3710 preferably provides a fliiid seal between 

25 the outside sxuface of the first fluid condmt 3715 and the inside surface of the 
support member 3705. In this maimer, the packer 3710 preferably seals off 
and, in combination with the support member 3705, first fluid conduit 3715, 
second fluid conduit 3735, and mandrel 3745, defines an annular chamber 3775. 
The packer 3710 may comprise any number of conventional commercially 

30 available packers modified in accordance with the teachings of the present 
disdosxire. 
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The first fltiid conduit 3715 is coupled to the packer 3710 and the 
annular seal 3730. The first flmd conduit 3715 preferably comprises an annular 
member fabricated firom any number of conventional commercially available 
materials such as, for example, oilfield cotmtry tubular goods, low alloy steel, 
5 carbon steel, or stainless steel. In a preferred embodiment, the firat fluid 
condtiit 3715 includes one or more fluid inlets 3725 for conveying fluidic 
materials firom the annular fluid passage 3720 into the chamber 3775. 

The annular fluid passage 3720 is defined by and positioned between the 
interior surface of the first fluid conduit 3715 and the interior surface of the 

10 second fluid conduit 3735. The annular fluid passage 3720 is preferably 
adapted to convey fluidic materials such as cement, water, epoxy, lubricants, 
and slag mix at operating pressures and flow rates ranging firom about 0 to 
9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide 
operational efficiency. 

15 The fluid inlets 3725 are positioned in an end portion of the first fluid 

conduit 3715, The flmd inlets 3725 preferably are adapted to convey fluidic 
materials such as cement, water, eposy, lubricants, and slag mix at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide operational efficiency. 

20 The annular seal 3730 is coupled to the first fliiid condmt 3715 and the 

second fluid conduit 3735. The annular seal 3730 preferably provides a fluid 
seal between the interior surface of the first fluid conduit 3715 and the exterior 
surface of the second fluid conduit 3735. The annular seal 3730 preferably 
provides a flmd seal between the interior surface of the first fluid conduit 3715 

25 and the exterior surface of the second fltiid conduit 3735 dining relative axial 
motion of the first fluid conduit 3715 and the second fluid condmt 3735. The 
annular seal 3730 may comprise any number of conventional commercially 
available seals such as, for example, o-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the annular seal 3730 comprises a 

30 polypak seal available firom Parker Seals in order to optimally provide sealing 
for axial motion. 
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The second fluid conduit 8735 is coupled to the annular seal 3730 and the 
mandrel 3745. The second fluid conduit preferably comprises a tubular 
member fabricated firom any number of conventional commercially available 
materials such as, for example, coiled tubing, oilfield country tubular goods, low 
5 alloy steel, stainless steel, or low carbon steeL In a preferred embodiment, the 
second fluid conduit 3735 is adapted to conv^ fluidic materials such as cement, 
water, epo::^, lubricants, and slag mix at operating pressures and flow rates 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
optimally provide operational efGdency. 

10 The fluid passage 3740 is coupled to the second fluid conduit 3735 and 

the mandrel 3745. In a preferred embodiment, the fluid passage 3740 is 
adapted to convey fluidic materials such as cement, water, eposy, lubricants, 
and slag mix at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallonsAninute in order to optimally provide 

15 operational efGdency* 

The mandrel 3745 is coupled to the second fluid conduit 3735 and the 
mandrel launcher 3750. The mandrel 3745 preferably comprise an annular 
member having a conic section fabricated from any ntunber of conventional 
commerdally available materials such as, for example, carbon steel, tool steel, 

20 cerandcs, or composite materials. In a preferred embodiment, the an^e of 
attack the conic section of the mandrel 3745 ranges from about 10 to 30 degrees 
in order to optimally expand the mandrel launcher 3750 and tubular member 
3755 in the radial direction. In a preferred embodiment, the surface hardness 
of the conic section of the mandrel 3745 ranges from about 50 Rockwell C to 70 

25 Rockwell C. In a particularly preferred embodiment, the surface hardness of 
the outer siuface of the conic section of the mandrel 3745 ranges from about 58 
Rockwell C to 62 Rockwell C in order to optimally provide hi^ yield strength. 
In an alternative embodiment, the mandrel 3745 is expandable in order to 
further optimally augment the radial expansion process, 

30 The mandrel latmcher 3750 is coupled to the support member 3705, the 

mandrel 3745, and the tubular member 3755. The mandrel laimcher 3750 
preferably comprise a tubular member having a variable cross-section and a 

-235. 



25791^.02 



reduced wall thickness in order to facilitate the radial expansion process. In a 
preferred embodiment, the cross-sectional area of the mandrel launcher 3750 at 
one end is adapted to mate with the mandrel 3745, and at the other end^ the 
cross-sectional area of the mandrel launcher 3750 is adapted to match the cross- 
5 sectional area of the tubular member 3755. In a preferred embodiment, the 
wall thickness of the mandrel laimcher 3750 ranges from about 50 to 100 % of 
the wall thickness of the tubular memb^ 3755 in order to facilitate the 
initiation of the radial expansion process* 

The mandrel launcher 3750 may be fabricated from any number of 

10 conventional conmierdally available mat^als such as, for example, oilfield 
country tubular goods, low allow steel, stainless steel, or carbon steeL In a 
preferred embodiment, the mandrel laimcher 3750 is fabricated from oilfield 
country tubular goods having hi^er strength but lower wall thickness than the 
tubular member 3755 in order to optimally match the burst strength of the 

15 tubular member 3755. In a preferred embodiment, the mandrel launcher 3750 
is removably coupled to the tubular member 3755. In this maimer, the mandrel 
launcher 3750 may be removed from the wellbore 3780 upon the completion of 
an extrusion operation. 

The tubular member 3755 is coupled to the mandrel laimcher, the slips 

20 3760 and the seals 3765. The tubular member 3755 preferably comprises a " 
tubular member fabricated from any number of conventional commercially 
available materials such as, for example, low alloy steel, carbon steel, stainless 
steel, or oilfield country tubular goods. In a preferred embodiment, the tubular 
member 3755 is fabricated from oilfield coimtry tubidar goods. 

25 The slips 3760 are coupled to the outside surface of the tubtdar member 

3755. The sUps 3760 preferably are adapted to couple to the interior walls of a 
casing, pipeline or other structure upon the radial expansion of the tubular 
member 3755. In this manner, the slips 3760 provide structural support for the 
expanded tubular member 3755. The slips 3760 may comprise any nmnber of 

30 conventional commercially available slips, modified in accordance with the 
teachings of the present disclosure. 
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The seals 3765 are coupled to the outside surface of the tubular member 
3755. The seals 3765 preferably provide a fluidic seal between the outside 
surface of the expanded tubular member 3755 and the interior walls of a casing, 
pipeline or other structure upon the radial expansion of the tubular member 
5 3755. In this manner, the seals 3765 provide a fluidic seal for the expanded 
tubular member 3755. The seals 3765 may comprise any number of 
conventional commercially available seals such as, for example, lead, rubber, 
Teflon or epoxy seals modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the seals 3765 comprise seals molded 
10 from Stratalock epoxy available from Hallibiurton Energy Services in Dallas, TX 
in order to optimally provide a hydraulic seal in the overlapping joint and 
optimally provide load carrying capacity to withstand the range of typical 
tensile and compressive loads. 

During operation of the apparatus 3700, the apparatus 3700 is preferably 
15 lowCTed into a wellbore 3780 having a preexisting section of weUbore casing 
3770. In a preferred embodiment, the apparatus 3700 is positioned with at 
least a portion of the tubular member 3755 overlapping with a portion of the 
wellbore casing 3770. In this maimer, the radial expansion of the tubular 
member 3755 will preferably cause the outside surface of the expanded tubxilar 
20 member 3755 to couple with the inside surface of the wellbore casing 3770. In a 
preferred embodiment, the radial expansion of the tubidar member 3755 will 
also cause the slips 3760 and seals 3765 to engage with the interior siurface of 
the wellbore casing 3770. In this manner, the expanded tubular member 3755 
is provided with enhanced structural support by the slips 3760 and an enhanced 
25 fluid seal by the seals 3765. 

As illustrated in FIG. 23B, after placement of the apparatus 3700 in an 
overlapping relationship with the wellbore casing 3770, a fluidic material 3785 
is preferably pumped into the chamber 3775 using the fluid passage 3720 and 
the inlet passages 3725. In a preferred embodiment, the fluidic material is 
30 pumped into the chamber 3775 at operating presstures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to optimally 
provide operational efficiency. The pumped fluidic material 3785 increase the 

- 237 - 



25791.23.02 



operating pressure within the chamber 3775. The increased operating pressture 
in the chamber 3775 then catises the mandrel 3745 to detrude the mandrel 
laimcher 3750 and tubtilar member 3755 off of the face of the mandrel 3745. 
The extrusion of the mandrel laimcher 3750 and tubular member 3755 off of 
5 the face of the mandrel 3745 causes the mandrel launcher 3750 and tubular 
member 3755 to expand in the radial direction. Continued pumping of the 
fluidic material 3785 preferably causes the entire length of the tubular member 
3755 to expand in the radial direction. 

In a preferred embodiment, the pmnpingrate and pressure of the fluidic 

10 material 3785 is reduced dtu±ig the latter stages of the extnision process in 
order to minimize shock to the apparatus 3700. In a preferred embodiment, the 
apparatus 3700 includes shock absorbers for absorbing the shock caused by the 
completion of the extrusion process. 

In a preferred embodiment^ the extrusion process causes the mandrel 

15 3745 to move in an axial direction 3785. During the axial movement of the 
mandrel, in a preferred embodiment, the fluid passage 3740 conveys fluidic 
material 3790 displaced by the moving mandrel 3745 out of the wellbore 3780. 
In this manner, the operational efSdency and speed of the extrusion process is 
enhanced. 

20 In a preferred embodiment, the extrusion process includes the injection 

of a hardenable fluidic material into the annular region between the tubular 
member 3755 and the bore hole 3780. In this manner, a hardened sealing layer 
is provided between the expanded tubular member 3755 and the interior walls 
of the wellbore 3780. 

25 As illustrated in FIG. 23C, in a preferred embodiment, upon the 

completion of the extrusion process, the support member 3705, packer 3710, 
first fluid conduit 3715, annular seal 3730, second fluid conduit 3735, mandrel 
3745, and mandrel launcher 3750 are moved from the wellbore 3780. 

In an alternative embodiment, the apparatus 3700 is used to repair a 

30 preexisting wellbore casing, pipeline, or structural support. In this alternative 
embodiment, both ends of the tubular member 3755 preferably include slips 
3760 and seals 3765. 
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In an alternative embodiment, the apparatus 3700 is used to form a 
tubular structural support for a building or ofishore structure. 

Referring now to FIGS. 24A, 24B, 24C, 24D, and 24E, an apparatus 3900 
for expanding a tubular member will be described. In a preferred embodiment, 
5 the apparatus 3900 includes a support member 3905, a mandrel launcher 3910, 
a mandrel 3915, a first fluid passage 3920, a tubular member 3925, slips 3930, 
seals 3935, a shoe 3940, and a second fluid passage 3945. In a preferred 
embodiment, the apparatus 3900 is used to radially expand the mandrel 
launcher 3910 and tubular member 3925. In this manner, the apparatus 3900 

10 may be used to form a wellbore casing, line a wellbore casing, form a pipeline, 
line a pipeline, form a structural support member, or repair a wellbore casing, 
pipeline or structural support member. In a preferred embodiment, the 
apparatus 3900 is used to clad at least a portion of the tubular member 3925 
onto a preexisting structural member. 

15 The support member 3905 is preferably coupled to the mandrel launcher 

3910. The support member 3905 preferably comprises a tubular member 
fabricated &om any nmnber of conventional commercially available materials 
such as, for example, oilfield country tubular goods, low aUoy steel, carbon steel, 
or stainless steel. The support member 3905, the mandrel launcher 3910, the 

20 tubular member 3925, and the shoe 3940 are preferably selected to fit through a 
preexisting section of wellbore casing 3950. In this manner, the apparatus. 3900 
may be positioned within the weUbore casing 3970. In a preferred embodiment, 
the support member 3905 is releasably coupled to the mandrel laimcher 3910. 
In this manner, tiie support member 3905 may be decoupled firom the mandrel 

25 launcher 3910 upon the completion of an extrusion operation. 

The mandrel launcher 3910 is coupled to the support member 3905 and 
the tubular member 3925. The mandrel launcher 3910 preferably comprise a 
tubular member having a variable cross-section and a reduced wall thickness in 
order to facilitate the radial expansion process. In a preferred embodiment, the 

30 cross-sectional area of the mandrel launcher 3910 at one end is adapted to mate 
with the mandrel 3915, and at the other end, the cross-sectional area of the 
mandrel laimcher 3910 is adapted to match the cross-sectdonal area of the 
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tubular member 3925. In a preferred embodiment, the wall thickness of the 
mandrel launcher 3910 ranges from about 50 to 100 % of the wall thickness of 
the tubular member 3925 in order to facilitate the initiation of the radial 
expansion process. 

5 The mandrel launcher 3910 may be fabricated from any number of 

conventional commercially available materials such as, for example, oilfield 
coimtry tubular goods, low allow steel, stainless steel, or carbon steel. In a 
preferred embodiment, the mandrel launcher 3910 is fabricated &om oilfield 
country tubidar goods having higher strength but lower wall thickness than the 

10 tubiilar member 3926 in order to optimally match the biuist strength of the 
tubular member 3925. In a preferred embodiment, the mandrel laimcher 3910 
is removably coupled to the tubular member 3925. In this mann^, the mandrel 
laimcher 3910 may be removed from the wellbore 3960 upon the completion of 
an extrusion operation. 

15 The mandrel 3915 is coupled to the mandrel launcher 3910. The 

mandrel 3915 preferably comprise an annular member having a conic section 
fabricated from any number of conventional commercially available materials 
such as, for example, tool steel, carbon steel, ceramics, or composite materials. 
In a preferred embodiment, the an^e of attack of the conic section of the 

20 mandrel 3915 ranges from about 10 to 30 degrees in order to optimally expand 
the mandrel laimcher 3910 and the tubular member 3925 in the radial 
direction. In a preferred embodiment, the siuiace hardness of the conic section 
of the mandrel 3915 ranges from about 58 to 62 Rockwell C in order to 
optimally provide high strength and resist wear and galling. In an alternative 

25 embodiment, the mandrel 3915 is expandable in order to further optimally 
augment the radial expansion process. 

The fluid passage 3920 is positioned within the mandrel 3915. The fluid 
passage 3920 is preferably adapted to convey fluidic materials such as cement, 
water, epoxy, lubricants, and slag mix at operating pressures and flow rates 

30 ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
optimally provide operational efficiency. The fluid passage 3920 preferably 
includes an inlet 3965 adapted to receive a plug, or other similar device. In this 

-240. 



25791.23.02 



manner, the interior chamber 3970 above the mandrel 3915 may be fluidicly 
isolated from the interior chamber 3975 below the mandrel 3915. 

The tubular member 3925 is coupled to the mandrel laimcher 3910, the 
slips 3930 and the seals 3935. The tubular member 3925 preferably comprises a 
5 tubular member fabricated from any niunber of conventional commercially 
available materials such as, for example, low alloy steel, carbon steel, stainless 
steel, or oilfield coimtry tubular goods. In a preferred embodiment, the tubular 
member 3925 is fabricated from oilfield country tubular goods. 

The slips 3930 are coupled to the outside surface of the tubular member 

10 3925. The slips 3930 preferably are adapted to couple to the interior waUs of a 
casing, pipeline or other structure upon the radial expansion of the tubular 
member 3925. In this manner, the slips 3930 provide structural support for the 
expanded tubular member 3925. The sUps 3930 may comprise any nmnber of 
conventional conmierciaUy available sUps, modified in accordance with the 

15 teachings of the present disclosure. 

The seals 3935 are coupled to the outside siirface of the tubular member 
3925. The seals 3935 preferably provide a fluidic seal between the outside 
surface of the expanded tubular member 3925 and the interior walls of a casing, 
pipeline or other structure upon the radial expansion of the tubular memb^ 

20 3925. In this manner, the seals 3935 provide a fluidic seal for the expanded ' 
tubular member 3925. The seals 3935 may comprise any number of 
conventional commercially available seals such as, for example, lead, rubber or 
epo:r^. In a preferred embodiment, the seals 3935 comprise Stratalok epo^ 
material available firom Halliburton Energy Services in order to optimally 

25 provide structural support for the typical tensile and compressive loads. 

The shoe 3940 is coupled to the tubular member 3925. The shoe 3940 
preferably comprise a substantially tubular member having a fluid passage 
3945 for conveying fluidic materials from the chamber 3975 to the anntdar 
region 3970 outside of the apparatus 3900. The shoe 3940 may comprise any 

30 number of conventional commercially available shoes modified in accordance 
with the teachings of the present disclosure. 
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During operation of the apparatus 3900, the apparatus 3900 is preferably 
lowered into a wellbore 3960 having a preexisting section of wellbore casing 
3975. In a preferred embodiment, the apparatus 3900 is positioned with at 
least a portion of the tubular member 3925 overlapping with a portion of the 
5 wellbore casing 3975. In this manner, the radial expansion of the tubular 
member 3925 will preferably cause the outside surfiEu:e of the expanded tubular 
member 3925 to couple with the inside surface of the wellbore casing 3975. In a 
preferred embodiment, the radial expansion of the tubular member 3925 wiU 
also cause the slips 3930 and seals 3935 to engage with the interior surface of 

10 the wellbore casing 3975. In this manner, the expanded tubidar member 3925 
is provided with enhanced structural support by the slips 3930 and an enhanced 
fluid seal by the seals 3935. 

As illustrated in FIG. 24B, after placement of the £^paratus 3900 in an 
overlapping relationship with the wellbore casing 3975, a fluidic material 3980 

15 is preferably piunped into the chamber 3970. The fluidic material 3980 then 
passes throu^ the fluid passage 3920 into the chamber 3975. The fluidic 
material 3980 then passes out of the chamber 3975, tiurough the fluid passage 
3945, and into the annular region 3970. In a preferred embodiment, the fluidic 
material 3980 is pumped into the chamber 3970 at operating pressiires and flow 

20 rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order 
to optimally provide operational effidency. In a preferred embodiment, the 
fluidic material 3980 comprises a hardenable fluidic sealing material in order to 
form a hardened outer aimular member around the expanded tubular member 
3925. 

25 As illuLstrated in FIG. 24C, at some later point in the process, a ball 3985, 

plug or other sinoilar device, is introduced into the pumped fluidic material 
3980. In a preferred embodiment, the ball 3985 mates with and seals off the 
inlet 3965 of the fluid passage 3920. In this manner, the chamber 3970 is 
flmdicly isolated from the chamber 3975. 

30 As illustrated in FIG. 24D, after placement of the ball 3985 in the inlet 

3965 of the flidd passage 3920, a fliddic material 3990 is piunped into the 
chamber 3970. The fluidic material is preferably pumped into the chamber 
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3970 at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute in order to provide optimal operating efficiency. 
The fltiidic material 3990 may comprise any nmnber of conveational 
commercially available materials such as, for example, water, drilling mud, 
5 cement, epo^, or slag mix. In a preferred embodiment, the fluidic material 
3990 comprises a non-hardenable fluidic material in order to maximize 
operational effidenqr. 

Continued pumping of the fluidic material 3990 increases fluidic material 
3980 increases the operating pressure witliin the chamber 3970. The increased 

10 operating pressiire in the chamber 3970 then causes the mandrel 3915 to 

extrude the mandrel latmcher 3910 and tubular member 3925 off of the conical 
face of the mandrel 3915. The extrusion of the mandrel latmcher 3910 and 
tubular member 3925 off of the conical face of the mandrel 3915 causes the 
mandrel launcher 3910 and tubular member 3925 to ^:pand in the radial 

15 direction. Continuedpumpingof the fluidic material 3990 preferably causes the 
entire length of the tubular member 3925 to expand in the radial direction. 

In a preferred embodiment, the pumping rate and pressure of the fluidic 
material 3990 is reduced during the latter stages of the extrusion process in 
order to minimize shock to the apparatus 3900. In a preferred embodiment, the 

20 apparatus 3900 includes shock absorbers for absorbing the shock caused by the 
completion of the extrusion process. In a preferred embodiment, the extrusion 
process causes the mandrel 3915 to move in an axial direction 3995. 

As illustrated in PIG. 24E, in a preferred embodiment, upon the 
completion of the extrusion process, the support member 3905, packer 3910, 

25 first fluid conduit 3915, annular seal 3930, second fluid conduit 3935, mandrel 
3945, and mandrel launcher 3950 are removed from the wellbore 3980. In a 
preferred embodiment, the resulting new section of wellbore casing includes the 
preexisting wellbore casing 3975, the expanded tubular member 3925, the slips 
3930, the seals 3935, the shoe 3940, and an outer annular layer 4000 of 

30 hardened fluidic material. 
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Ib an alternative embodiment, the apparatus 3900 is used to repair a 
preexisting wellbore casing or pipeline. In this alternative ^nbodiment, both 
ends of the tubular member 3955 preferably include slips 3960 and seals 3965. 
In an alternative embodiment, the apparatus 3900 is used to form a 
5 tubular structural support for a building or offshore structure. 

Referring to FIGS, 25 and 26, the optimal relationship between the angle 
of attack of an expansion mandrel and the minimally required propagation 
presstu*e during the expansion of a tubular member will now be described. As 
illustrated in FIG, 25, diuring the radial expansion of a tubular member 4100 by 
10 an expansion mandrel 4105, the expansion mandrel 4105 is displaced in the 
axial direction. The an^e of attack a of the conical surface 4110 of the 
expansion mandrel 4105 directly affects the reqtured propagation pressxure PpR 
necessary to radially expand the tubular member 4100. Referring to FIG. 26, 
for typical grades of materials and typical geometries, the propagation pressiu-e 
15 PpB is minimized for an angle of attack of approxin^ttely 25 degrees. 

Furthermore, the optimal range of the an^e of attack a ranges from about 10 to 
30 degrees in order to minimize the range of reqtured minimuTn propagation 
pressure FpR. 

Referring to FIG. 27, an embodiment of an expandable threaded 
20 connection 4300 will now be described. The expandable threaded connection 
4300 preferably includes a first tubular member 4305, a second tubular member 
4310, a threaded connection 4315, an 0-ring groove 4320, and an O-ring 4325. 

The first tubular member 4305 includes an inside wall 4330 and an 
outside wall 4335, The first tubular member 4305 preferably comprises an 
25 annular member having a substantially constant wall thickness. The second 
tubular member 4310 includes an inside wall 4340 and an outside wall 4345. 
The second tubular member 4310 preferably comprises an annular member 
having a substantially constant waU thickness. 

The first and second tubular members, 4305 and 4310, may comprise any 
30 number of conventional commercially available members. In a preferred 
embodiment, the inside and outside diameters of the first and second tubular 
members, 4305 and 4310, are substantially equal. In this manner, the burst 
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strength of the tubular members, 4305 and 4310, are substantially equal. This 
miimmzes the possibility of a catastrophic failure during the radial expansion 
process. 

The threaded connection 4315 may comprise any number of 
5 conventional threaded connections suitable for use with tubular members. In a 
preferred embodiment, the threaded connection 4315 comprises a pin-and-box 
threaded connection. In this manner, the assembly of the first tubular member 
4305 to the second tubular men[iber 4310 is optimized. 

The 0*ring groove 4320 is preferably provided in the threaded portion of 
10 theinteriorwall4340of the second tubular member 4310. The O-ring groove 
4320 is preferably adapted to receive and support one or more 0-rings. The 
voliunetric size of the O-ring groove 4320 is preferably selected to permit the 0- 
ring 4325 to expand at least approximately 20% in the axial direction during the 
radial expansion process. In this manner, defonnation of the outer surface 
15 4345 of the second tubular member 4310 diuing and upon the completion of the 
radial expansion process is minimized. 

The O-ring 4325 is supported by the O-ring groove 4320. The O-ring 
4325 optimally ensures that a fluid-tight seal is maintained between the first 
tubular member 4305 and the second tubular member 4310 throughout and 
20 upon the completion of the radial expansion process. 

Referring to FIG. 28, an alternative embodiment of an expandable 
threaded connection 4500 will now be described. The expandable threaded 
coimection 4500 includes a fii^t tubular member 4505, a second tubular 
member 4510, a threaded connection 4515, an O-ring groove 4520, and an O- 
25 ring 4525, 

The first tubular member 4505 includes an inside wall 4530 and an 
outside wall 4535. The first tubular member 4305 preferably comprises an 
annular men:iber having a substantially constant wall thickness. The second 
tubular member 4510 includes an inside wall 4540 and an outside wall 4545. 
30 The second tubular member 4510 preferably comprises an annular member 
having a substantially constant wall thickness. 



-245- 



25791.23.02 



The first and second tubidar members, 4505 and 4510, may comprise any 
number of conventional commercially available members. In a preferred 
embodiment, the inside and outside diameters of the first and second tubular 
members, 4505 and 4510, are substantially equal. In this manner, the burst 
5 strength of the tubular members, 4505 and 4510, are substantially equal. This 
minimizes the possibility of a catastrophic failure dmring the radial rapansion 
process. 

The threaded connection 4515 may comprise any number of 
conventional threaded connections suitable for xise with tubular members. In a 

10 preferred embodiment, the threaded connection 4515 comprises a pin-and-box 
threaded connection. In this manner, the assembly of the first tubtilar member 
4505 to the second tubular member 4510 is optimized. 

The O-ring groove 4520 is preferably provided in the threaded portion of 
the interior wall 4540 of the second tubular member 4510 ixmnediately adjacent 

15 to an end portion of the threaded connection 4515. In this maimer, the sealing 
effect provided by the O-ring 4525 is optimized. The O-ring groove 4520 is 
preferably adapted to receive and support one or more 0-rings. The volumetric 
size of tiie O-ring groove 4520 is preferably selected to permit the O-ring 4525 
to expand at least approximately 20% in the axial direction during the radial 

20 expansion process. In this nianner, deformation of the outer sxirface 4545 of l^he 
second tubular member 4510 during and upon the completion of the radial 
expansion process is minimized. 

The O-ring 4525 is supported by the O-ring groove 4520. The O-ring 
4525 optimally ensures that a fluid-ti^t seal is maintained between the first 

25 tubular member 4505 and the second tubular member 4510 throu^out and 
upon the completion of the radial expansion process. 

Referring to FIG. 29, an alternative embodiment of an expandable 
threaded connection 4700 will now be described. The expandable threaded 
connection 4700 includes a first tubular member 4705, a second tubidar 

30 member 4710, a threaded connection 4715, an O-ring groove 4720, a first O- 
ring 4725, and a second O-ring 4730. 
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The first tubular member 4705 includes an inside waU 4735 and an 
outside wall 4740. The first tubular member 4705 preferably comprises an 
aimular member having a substantially constant wall thickness. The second 
tubular member 4710 includes an inside wall 4745 and an outside wall 4750. 
5 The second tubular member 4710 preferably comprises an annular member 
having a substantially constant wall thickness. 

The first and second tubular members, 4705 and 4710, may comprise any 
number of conventional commercially available members. In a preferred 
embodiment, the inside and outside diameters of the first and second tubiilar 
10 members, 4705 and 4710, are substantially equal. In this maimer, the burst 
strength of the tubular members, 4705 and 4710, are substantially equal. This 
minimizes the possibility of a catastrophic failure during the radial expansion 
process. 

The threaded connection 4715 may comprise any number of 

15 conventional threaded connections suitable for use with tubialar members. In a 
preferred embodiment, the threaded connection 4715 comprises a pin-and-box 
threaded connection. In this manner, the assembly of the first tubular member 
4705 to the second tubular member 4710 is optimized. 

The O-ring groove 4720 is preferably provided in the threaded portion of 

20 the interior wall 4745 of the second tubular member 4710 immediately adjacent 
to an end portion of the threaded connection 4715. In this manner, the sealing 
effect provided by the O-rings, 4725 and 4730, is optimized. The O-ring groove 
4720 is preferably adapted to receive and support a pliualily of O-rings. The 
volumetric size of the 0-ring groove 4720 is preferably selected to permit the O- 

25 rings, 4725 and 4730, to expand at least approximately 20% in the axial 

direction during the radial expansion process. In this manner, deformation of 
the outer surface 4750 of the second tubular member 4710 diuring and upon the 
completion of the radial expansion process is minimized. 

The O-rings, 4725 and 4730, are supported by the 0-ring groove 4720. 

30 The pair of O-rings, 4725 and 4730, optimally ensure that a fluid-tight seal is 
maintained between the first tubular member 4705 and the second tubular 
member 4710 throughout and upon the completion of the radial expansion 
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process. In particular, the use of a pair of adjacent 0-rings provides redundancy 
in the seal between the first tubxilar member 4705 and the second tubular 
member 4710. 

Referring to FIG. 30, an alternative embodiment of an expandable 
5 threaded connection 4900 wiU now be described. The expandable threaded 
connection 4900 includes a first tubular member 4905, a second tubidar 
member 4910, a threaded connection 4915, a first 0-ring groove 4920, a second 
0-ring grove 4925, a first 0-ring 4930, and a second 0-ring 4935. 

The first tubular member 4905 includes an inside wall 4940 and an 

10 outside wall 4945. The first tubular memb^ 4905 preferably comprises an 
aimular member having a substantially constant wall thickness. The second 
tubular member 4910 includes an inside wall 4950 and an outside vrall 4955. 
The second tubular member 4910 preferably comprises an aimular member 
having a substantially constant wall thickness. 

15 The first and second tubular members, 4905 and 4910, may comprise any 

niunber of conventional commercially available tubular members. In a 
preferred embodiment, the inside and outside diameters of the first and second 
tubular members, 4905 and 4910, are substantially equal. In this manner, the 
burst strength of the tubular members, 4905 and 4910, are substantially equal. 

20 This minimizes the possibility of a catastrophic failure during the radial 
expansion process. 

The threaded coimection 4915 may comprise any nmnber of 
conventional threaded connections suitable for ixse with tubular members. In a 
preferred embodiment, the threaded connection 4915 comprises a pin-and-box 

25 threaded connection. In this manner, the assembly of the first tubular member 
4905 to the second tubular member 4910 is optimized. 

The first 0-ring groove 4920 is preferably provided in the threaded 
portion of the interior wall 4950 of the second tubular member 4910 that is 
separated firom an end portion of the threaded connection 4915. In this 

30 manner, the sealing effect provided by the 0-rings, 4930 and 4935, is 

optimized. The first 0-ring groove 4920 is preferably adapted to receive and 
support one more 0-rings. The volumetric size of the first 0-ring groove 4920 
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is preferably selected to permit the O-ring 4930 to expand at least 
approximately 20% in the axial direction during the radial expansion process. In 
this manner, deformation of the outer surface 4955 of the second tubular 
member 4910 during and upon the completion of the radial expansion process is 
5 minimized. 

The second O-ring groove 4925 is preferably provided in the threaded 
portion of the interior wall 4950 of the second tubular member 4910 that is 
immediately adjacent to an end portion of the threaded connection 4915. In 
this manner, the sealing effect provided by the O-rings, 4930 and 4935, is 

10 optimized. The second O-ring groove 4925 is prefarably adapted to receive and 
support one more O-rings. The volumetric size of the second O-ring groove 
4925 is preferably selected to permit the O-ring 4935 to expand at least 
approximately 20% in the axial direction dining the radial expansion process. In 
this manner, deformation of the outer surface 4955 of the second tubular 

15 member 4910 during and upon the completion of the radial expansion process is 
minimized. 

The O-rings, 4930 and 4935, are supported by the O-ring grooves, 4920 
and 4925. The use of a pair of O-rings, 4930 and 4935, that are axially 
separated optimally ensiires that a fluid-light seal is maintained between the 

20 first tubular member 4905 and the second tubular member 4910 throu^out' 
and upon the completion of the radial expansion process. In particular, the use 
of a pair of O-rings provides redundancy in the seal between the first tubidar 
member 4905 and the second tubular member 4910. 

In a preferred embodiment, the expandable threaded connections 4300, 

25 4500, 4700, and/or 4900 are used in combination with one or more of the 

embodiments illustrated in FIGS. 1-24E in order to optimally expand a plurality 
of tubular members coupled end to end using the expandable threaded 
connections 4300, 4500, 4700 and/or 4900. 

A method of creating a casing in a borehole located in a subterranean 

30 formation has been described that includes installing a tubular liner and a 
mandrel in the borehole. A body of fluidic ntiaterial is then injected into the 
borehole. The tubular liner is then radially expanded by extruding the liner off 
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of the mandrel. The injecting preferably includes injecting a hardenable fluidic 
sealing material into an annular region located between the borehole and the 
exterior of the tubular liner; and a non hardenable fluidic material into an 
interior region of the tubular liner below the mandrel- The method preferably 
5 includes fluidicly isolating the annular region &om the interior region before 
injecting the second quantity of the non hardenable sealing material into the 
interior region. The injecting t^e hardenable fluidic sealing material is 
preferably provided at operating pressiires and flow rates ranging from about 0 
to 5000 psi and 0 to 1,500 gallons/min. The injecting of the non hardenable 

10 fluidic material is preferably provided at operating pressures and flow rates 
ranging from about 500 to 9000 psi and 40 to 3,000 gallons/min. The injecting 
of the non hardenable fluidic material is preferably provided at reduced 
operating pressmres and flow rates diuing an end portion of the extruding. The 
non hardenable fluidic material is preferably injected below the mandrel. The 

15 method preferably includes pressurizing a region of the tubular liner below the 
mandrel. The region of the tubtdar liner below the mandrel is preferably 
pressurized to pressures ranging from about 500 to 9,000 psi. The method 
preferably includes fluidicly isolating an interior region of tiie tubular liner 
from an exterior region of the tubular liner. The method further preferably 

20 includes cuiing the hardenable sealing material, and removing at least a portion 
of the ciured sealing material located within the tubular liner. The method 
further preferably includes ovOTlapping the tubular liner with an existing 
wellbore casing. The method further preferably includes sealing the overlap 
between the tubular liner and the existing wellbore casing. The method further 

25 preferably includes supporting the extruded tubular liner using the overlap 
with the existing wellbore casing* The method further preferably includes 
testing the integrity of the seal in the overlap between the tubular liner and the 
existing wellbore casing. The method further preferably includes removing at 
least a portion of the hardenable fluidic sealing material within the tubular 

30 Uner before curing. The method further preferably includes lubricating the 
surface of the mandrel. The method further preferably includes absorbing 
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shock. The method fuiiii^ preferably indudes cat^^ 
completion of the extrading. 

An apparatus for creating a casing in a borehole located in a 
subterranean formation has been described that includes a support member, a 
5 mandrel, a tubular member, and a shoe* The support member includes a first 
fluid passage. The mandrel is coupled to the support member and indudea a 
second fluid passage. The tubular mend)er is coupled to the n[iandreL The shoe 
is coupled to the tubular liner and indudes a third flmd passage. The first, 
second and third fluid passages are operably coupled. The support member 

10 preferably further indudes a pressure relief passage, and a flow control valve 
coupled to the first fluid passage and the pressure relief passage. The support 
member further preferably includes a shock absorber. The support member 
preferably indudes one or more sealing members adapted to prevent foreign 
material firom entering an interior region of the tubular member. The mandrel 

15 is preferably expandable. The tubular member is preferably fabricated firom 
materials selected firom the group consisting of Oilfield Country Tubular Goods, 
13 chromium steel tubing/casing, and plastic casing. The tubular member 
preferably has inner and outer diameters ranging fi*om about 3 to 15.5 inches 
and 3.5 to 16 inches, respectively. The tubular member preferably has a plastic 

20 yield point ranging firom about 40,000 to 135,000 psi. The tubular member " 
preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
portion. The tubidar menober preferably indudes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably includes an inlet 

25 port coupled to the third fluid passage, the ialet port adapted to receive a plug 
for blocking the inlet port. The shoe profitably is drillable. 

A method of joining a second tubular member to a first tubular member, 
the first tubular member having an iimer diameter greats than an outer 
diameter of the second tubular member, has been described that includes 

30 positioning a mandrel within an interior region of the second tubular member, 
positioning the first and second tubular members in an overlapping 
relationship, pressurizing a portion of the interior region of the second tubular 
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member; and extruding the second tubular member off of the mandrel into 
engagement with the first tubular member. The pressurizing of the portion of 
the interior region of the second tubidar member is preferably provided at 
operating pressures ranging from about 500 to 9,000 psi. The pressurizing of 
5 the portion of the interior region of the second tubular member is preferably 
provided at reduced operating pressures during a latter portion of the 
extruding. The method fiirth^ preferably includes sealing the overlap between 
the first and second tubular members. The method further preferably includes 
supporting the extruded first tubular member using the overlap with the second 
10 tubular member. The method further preferably includes lubricating the 
surface of the mandrel. The method further preferably includes absorbing 
shock. 

A liner for use in creating a new section of wellbore casing in a 
subterranean formation adjacent to an already existing section of wellbore 
15 casing has been described that includes an annular member. The annular 

men:iber includes one or more sealing members at an end portion of the annular 
member, and one or more pressure relief passages at an end portion of the 
annular member. 

A wellbore casing has been described that includes a tubular liner and an 
20 annular body of a cured fliudic sealing material. The tubular hner is formed l>y 
the process of extruding the tubular liner off of a mandrel. The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel 
within the wellbore, and pressurizing an interior portion of the tubular liner. 
The anntdar body of the cured fluidic sealing material is preferably formed by 
25 the process of injecting a body of hardenable fitudic sealing material into an 
annular region external of the tubular liner. During the pressurizing, the 
interior portion of the tubtilar liner is preferably fluidicly isolated firom an 
exterior portion of the tubular liner. The interior portion of the tubular liner is 
preferably pressurized to pressures ranging firom about 500 to 9,000 psi. The 
30 tubular Uner preferably overl^s with an existing wellbore casing. The wellbore 
casing preferably further includes a seal positioned in the overlap between the 
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tubular liner and the existing wellbore casing* Tubular liner is preferably 
supported the overlap with the existing wellbore casing. 

A n:iethod of repairing an existing section of a wellbore casing within a 
borehole has been described that includes installing a tubular ]mer and a 
5 mandrel within the wellbore casing, injecting a body of a fluidic material into 
the borehole, pressurizing a portion of an interior region of the tubidar liner, 
and radially expanding the liner in the borehole by extruding the liner off of the 
mandrel. In a preferred embodiment, the fluidic material is selected from the 
group consisting of slag mix, cement, drilling mud, and epo^. In a preferred 

10 embodiment, the method further includes fluididy isolating an interior r^on 
of the tubular liner from an exterior region of the tubular liner. In a preferred 
embodiment, the injecting of the body of fluidic material is provided at 
operating pressures and flow rates ranging from about 500 to 9,000 psi and 40 
to 3,000 gallons/min. In a preferred embodiment, the injecting of the body of 

15 fluidic material is provided at reduced operating pressures and flow rates 

during an end portion of the extruding. In a preferred embodiment, the fluidic 
material is injected below the mandrel. In a preferred embodiment, a region of 
the tubular liner below the mandrel is pressurized. In a preferred embodiment, 
the region of the tubular Hner below the mandrel is pressurized to pressures 

20 ranging from about 500 to 9,000 psi. In a preferred embodiment, the method 
further includes overlapping the tubular liner with the existing wellbore casing. 
In a preferred embodiment, the method further includes sealing the interface 
between the tub\ilar liner and the existing wellbore casing. In a preferred 
embodiment, the method furth^ includes supporting the extruded tubular Uner 

25 using the existing wellbore casing. In a preferred embodiment, the method 
further includes testing the integrity of the seal in the interface between the 
tubular liner and the existing wellbore casing. In a preferred embodiment, 
method further includes lubricating the surface of the mandrel. In a preferred 
embodiment, the method further includes absorbing shock. In a preferred 

30 embodiment, the method further includes catching the mandrel upon the 
completion of the extruding. In a preferred embodiment, the method further 
includes expanding the mandrel in a radial direction. 
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A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annnlflr body of a cured fluidic sealing 
material. The tubxilar liner is formed by the process of extruding the tubular 
liner off of a mandrel. The aimular body of a cured fluidic sealing material is 
5 coupled to the tubular lin^. In a preferred embodiment, the tubular liner is 
formed by the process of placing the tubtdar liner and mandrel within the 
wellbore, and pressiuizing an interior portion of the tubular liner. In a 
preferred embodiment, during the pressurizing, the interior portion of the 
tubular liner is fluididy isolated from an exterior portion of the tubular liner. 

10 In a preferred embodiment, the interior portion of the tubular liner is 

pressiunzed at pressures ranging from about 500 to 9,000 psi. In a preferred 
embodiment, the anntilar body of a cured fliddic sealing material is formed by 
the process of injecting a body of hardenable fluidic sealing material into an 
annular region between the existing wellbore casing and the tubular liner. In a 

16 preferred embodiment, the tubular liner overlaps with another existing 

wellbore casing. In a preferred embodiment, the tie-back liner further includes 
a seal positioned in the overlap between the tubtdar liner and the other existing 
wellbore casing. In a preferred embodiment, tubular liner is supported by the 
overlap with the other existing wellbore casing. 

20 An apparatus for expanding a tubtdar member has been described that 

includes a support member, a mandrel, a tubular men:iber, and a shoe. The 
support member includes a first flxiid passage. The mandrel is coupled to the 
support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The 

25 interior portion of the mandrel is drillable. The tubular member is coupled to 
themandreL The shoe is coupled to the tubular member. The shoe includes a 
third fluid passage operably coupled to the second fluid passage, an interior 
portion, and an exterior portion. The interior portion of the shoe is drillable. 
Preferably, the interior portion of the mandrel includes a tubular member and a 

30 load bearing member. Preferably, the load bearing member comprises a 
drillable body. Preferably, the interior portion of the shoe includes a tubular 
member, and a load bearing member, Preferably, the load bearing member 
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comprises a driUable body. Preferably^ the exterior portion of the mandrel 
comprises an expansion cone. Preferably, the expansion cone is fabricated from 
materials selected from the group consisting of tool steel, titanium, and 
ceramic. Preferably, the expansion cone has a surface hardness ranging from 
5 about 58 to 62 Rockwell C. Preferably at least a portion of the apparatus is 
drillable. 

A wellhead has also been described that includes an outer casing and a 
plurality of substantially concentric and overlapping inner casings coupled to 
the outer casing. Each inner casing is supported by contact pressure between 

10 an outer surface of the inner casing and an inner surface of the outer casing. In 
a preferred embodiment, the outer casing has a yield strength ranging from 
about 40,000 to 135,000 psi. In a preferred embodiment, the outer casing has a 
burst strength ranging from about 5,000 to 20,000 psi. In a preferred 
enabodiment, the contact pressure between the inner casings and the outer 

15 casing ranges from about 500 to 10,000 psi. In a preferred embodiment, one or 
more of the inner casings include one or more sealing members that contact 
with an inner surface of the outer casing. In a preferred embodiment, the 
sealing members are selected from the group consisting of lead, rubber, Teflon, 
epoxy, and plastic. In a prefared embodiment, a Christmas tree is coupled to 

20 the outer casing. In a preferred embodiment, a drilling spool is coupled to tixe 
outer casing. In a preferred embodiment, at least one of the inner casings is a 
production casing* 

A wellhead has also been described that includes an outer casing at least 
partially positioned within a wellbore and a plurality of substantially concentric 

25 inner casings coupled to the interior surface of the out« casing by the process 
of expanding one or more of the inner casings into contact with at least a 
portion of the interior surface of the outer casing. In a preferred embodiment, 
the inner casings are expanded by extruding the inner casings off of a mandrel. 
In a preferred embodiment, the inner casings are expanded by the process of 

30 placing the inner casing and a mandrel within the wellbore; and pressurizing an 
interior portion of the inner casing. In a preferred embodiment, during the 
pressurizing, the interior portion of the inner casing is fluidicly isolated from an 
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exterior portion of the inner casing. In a preferred embodiment, the interior 
portion of the inner casing is pressxirized at presstires ranging from about 500 
to 9,000 psi. In a preferred embodiment, one or more seals are positioned in the 
interface between the inner casings and the outer casing. In a preferred 
5 embodiment, the inner casings are supported by their contact with the outer 
casing. 

A method of forming a wellhead has also been described that includes 
drilling a wellbore. An outer casing is positioned at least partially within an 
upper portion of the wellbore. A first tubidar member is positioned within the 

10 outer casing. At least a portion of the first tubular member is expanded into 
contact with an interior surface of the outer casing. A second tubular member 
is positioned within the outer casing and the first tubular member. At least a 
portion of the second tubular member is expanded into contact with an interior 
portion of the outer casing. In a preferred embodiment, at least a portion of the 

15 interior of the first tubidar member is pressurized. In a preferred 

embodiment, at least a portion of the interior of the second tubular member is 
pressurized. In a preferred embodiment, at least a portion of the interiors of 
the first and second tubular members are pressturized. In a preferred 
embodiment, the presstirizing of the portion of the interior region of the first 

20 tubular member is provided at operating pressures ranging fi*om about 500 to 
9,000 psi. In a preferred embodiment, the pressurizing of the portion of the 
interior region of the second tubular member is provided at operating pressiu'es 
ranging firom about 500 to 9,000 psi. In a preferred embodiment, the 
pressurizing of the portion of the interior region of the first and second tubular 

25 members is provided at operating pressures ranging firom about 500 to 9,000 
psi. In a preferred embodiment, the pressurizing of the portion of the interior 
region of tlie first tubular member is provided at reduced operating pressures 
during a latter portion of the expansion. In a preferred embodiment, the 
pressurizing of the portion of the interior region of the second tubular member 

30 is provided at reduced operating pressures during a latter portion of the 
expansion. In a preferred embodiment, the pressurizing of the portion of the 
interior region of the first and second tubular members is provided at reduced 
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Operating pressures dttring a latter portion of the expansions. In a preferred 
embodiment! contact between the first tubular member and the outer 
casing is sealed. In a preferred embodiment, the contact between the second 
tubidar member and the outer casing is sealed. In a preferred embodiment, the 
5 contact between the first and second tubular members and the outer casing is 
sealed. In a preferred embodiment, the expanded first tubular member is 
supported using the contact with the outer casing. In a preferred embodiment, 
the expanded second tubular member is supported using the contact with the 
outer casing. In a preferred embodiment, the expanded first and second tubular 

10 members are supported using thdr contacts with the outer casing. In a 

preferred embodiment, the first and second tubular members are extruded off 
of a mandrel. In a preferred embodiment, the surface of the mandrel is 
lubricated. In a preferred embodiment, shock is absorbed. In a preferred 
embodiment, the mandrel is expanded in a radial direction. In a preferred 

15 embodiment, the first and second tubular members are positioned in an 

overlapping relationship. In a preferred embodiment, an interior region of the 
first tubular member is fluididy isolated firom an exterior region of the first 
tubular member. In a preferred embodiment, an interior region of the second 
tubidar member is fluididy isolated firom an exterior region of the second 

20 tubular member. In a preferred embodiment, the interior region of the first " 
tubular member is fluididy isolated from the region exterior to the first tubidar 
member by injecting one or more plugs into the interior of the first tubular 
member. In a preferred embodiment, the interior region of the second tubiilar 
member is fluididy isolated firom the region exterior to the second tubular 

25 member by injecting one or more plugs into the int^or of the second tubular 
member. In a preferred embodiment, the pressurizing of the portion of the 
interior region of the first tubular member is provided by injecting a fluidic 
material at operating pressures and flow rates ranging firom about 500 to 9,000 
psi and 40 to 3,000 gallons/minute. In a preferred embodiment, the 

30 pressiirizing of the portion of the interior region of the second tubular member 
is provided by injecting a fluidic material at operating pressures and flow rates 
ranging fi-om about 500 to 9,000 psi and 40 to 3,000 gallons/minute. In a 
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preferred embodiment, fliiidic material is injected beyond the mandreL In a 
preferred embodiment, a region of the tubular members beyond the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular members 
beyond the mandrel is pressurized to pressures ranging firom about 500 to 9,000 
5 psi. In a preferred embodiment, the first tubular member comprises a 

production casing. In a preferred embodiment, the contact between the first 
tubular member and the outer casing is sealed. In a preferred embodiment, the 
contact between the second tubular member and the outer casing is sealed. In a 
preferred embodiment, the expanded first tubular member is supported using 

10 the outer casing. In a preferred embodiment, the expanded second tubular 
member is supported using the outer casing. In a preferred embodiment, the 
integrity of the seal in the contact between the first tubular member and the 
outer casing is tested. In a preferred embodiment, the integrity of the seal in 
the contact between the second tubular member and the outer casing is tested. 

15 In a preferred embodiment, the mandrel is caught upon the completion of the 
extruding. In a preferred embodiment, the mandrel is drilled out. In a 
preferred embodiment, the mandrel is supported with coiled tubing. In a 
preferred embodiment, the mandrel is coupled to a drillable shoe. 

An apparatus has also been described that includes an out^ tubular 

20 member, and a plurality of substantially concentric and overlapping inner 
tubular members coupled to the outer tubular member. Each inner tubular 
member is supported by contact pressure between an outer surface of the inner 
casing and an iimer stirface of the outer inner tubular member. In a preferred 
embodiment, the outer tubular member has a yield strength ranging from about 

25 40,000 to 135,000 psi. In a prefmred embodiment, the outer tubular member 
has a biu^t strength ranging firom about 5,000 to 20,000 psi. In a preferred 
embodiment, the contact pressure between the inner tubidar members and the 
outer tubular member ranges from about 500 to 10,000 psi. In a preferred 
embodiment, one or more of the inner tubidar members include one or more 

30 sealing members that contact with an inner surface of the outer tubular 
member. In a preferred embodiment, the sealing members are selected from 
the group consisting of rubber, lead, plastic, and epoxy. 
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An apparatus has also been described that includes an outer tubular 
member, and a plurality of substantially concentric inner tubular members 
coupled to the interior surface of the outer tubular member by the process of 
expanding one or more of the inner tubular members into contact with at least 
5 a portion of the interior surface of the outer tubular member. In a preferred 
embodiment, the inner tubular members are expanded by extruding the inner 
tubular memb^ off of a mandrel. In a preferred embodiment, the inner 
tubular members are expanded by the proems of: placing the iimer tubular 
members and a mandrel within the outer tubular member; and pressurizing an 
10 interior portion of the inner casing. In a preferred embodiment, during the 
pressinrizing, the interior portion of the inner tubular member is fluididy 
isolated from an exterior portion of the inner tubular member. In a preferred 
embodiment, the interior portion of the inner tubular member is pressurized at 
pressures ranging from about 500 to 9,000 psi. In a preferred embodiment, the 

15 apparatus further includes one or more seals positioned in the interface 
between the inner tubidar members and the outer tubular member. In a 
preferred embodiment, the inner tubular members are supported by their 
contact with the outer tubular member. 

A wellbore casing has also been described that includes a first tubular 

20 member, and a second tubular member coupled to the first tubular member hi 
an overlapping relationship. The inner diameter of the first tubular member is 
substantially equal to the inner diameter of the second tubular member. In a 
preferred embodiment, the first tubular member includes a first thin wall 
section, wherein the second tubular member includes a second thin wall section, 

25 and wherein the first thin wall section is coupled to the second thin wall 
section. In a preferred embodiment, first and second thin wall sections are 
deformed. In a preferred embodiment, the first tubular member includes a first 
compressible menaber coupled to the first thin wall section, and wherein the 
second tubular member includes a second compressible member coupled to the 

30 second thin wall section. In a preferred embodiment, the first thin wall section 
and the first compressible member are coupled to the second thin wall section 
and the second compressible member. In a preferred embodiment, the first 

-259- 



25791^*02 



and second thin wall sections and the first and second compressible members 
are deformed. 

A wellbore casing has also been described that includes a tubular 
member including at least one thin wall section and a thick wall section, and 
5 a compressible annular member coupled to each thin wall section. In a 
preferred embodiment, the compressible annular member is fabricated from 
materials selected from the group consisting of rubber, plastic, metal and epoxy. 
In a preferred embodiment, the wall thickness of the thin wall section ranges 
from about 50 to 100 % of the wall thickness of the thidt wall section. In a 

10 preferred embodiment, the length of the thin wall section ranges from about 
120 to 2400 inches. In a preferred enabodiment, the compressible annular 
member is positioned along the thin wall section. In a preferred embodiment, 
the compressible annular member is positioned along the thin and thick wall 
sections. In a preferred embodiment, the tubular member is fabricated from 

15 materials selected from the group consisting of oilfield coimtry tubular goods, 
stainless steel, low alloy steel, carbon steel, automotive grade steel, plastics, 
fiberglass, high strength and'or deformable materials. In a preferred 
embodiment, the wellbore casing includes a first thin wall at a first end of the 
casing, and a second thin wall at a second end of the casing. 

20 A method of creating a casing in a borehole located in a subterranean " 

formation has also been described that includes supporting a tubular liner and a 
mandrel in the borehole using a support member, injecting fluidic material into 
the borehole, pressurizing an interior region of the mandrel, displacing a 
portion of the mandrel relative to the support member, and radiaUy expanding 

25 the tubular liner. In a preferred embodiment, the injecting includes injecting 
hardenable fluidic sealing material into an annular region located between the 
borehole and the exterior of the tubular liner, and injecting non hardenable 
fluidic material into an interior region of the mandrel. In a preferred 
embodiment, the method ftirther includes flmdidy isolating the annular region 

30 from the interior region before injecting the non hardenable fluidic material 
into the interior region of the mandrel. In a preferred embodiment, the 
injecting of the hardenable fluidic sealing material is provided at operating 

- 260 - 



25791.23.02 



pressures and flow rated ranging from about 0 to 5^000 psi and 0 to 1,500 
gallons/min. In a preferred embodiment, the injecting of the non hardenable 
fluidic material is provided at operating pressures and flow rates ranging from 
about 500 to 9,000 psi and 40 to 3,000 gallonsAnin. In a preferred embodiment, 
5 the injecting of the non hardenable fltudic material is provided at reduced 
operating pressures and flow rates during an end portion of the radial 
expansion. In a preferred embodiment, the fluidic material is injected into one 
or more pressure chambers. In a preferred embodiment, the one or more 
pressutre chambers are pressurized. In a preferred en:ibodiment, the pressure 
10 chambers are pressurized to pressures ranging from about 500 to 9,000 psi. In 
a preferred embodiment, the method finrther includes fluididy isolating an 
interior region of the mandrel firom an exterior region of the mandrel. In a 
preferred embodiment, the interior region of the mandrel is isolated firom the 
region exterior to the mandrel by inserting one or more pliigs into the injected 
15 fluidic material. In a preferred embodiment, the method further includes 
curing at least a portion of the fluidic material, and removing at least a portion 
of the cured fluidic material located within the tubular liner. In a preferred 
embodiment, the method further includes overlapping the tubular liner with an 
existing wellbore casing. In a preferred embodiment, the method further 
20 includes sealing the overlap between the tubiilar liner and the existing wellbDre 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubtilar liner using the overlap with the existing wellbore casing. In a 
preferred embodiment, the method further indodsag the integrity of the seal in 
the overlap between the tubular liner and the existing wellbore casing. In a 
25 preferred embodiment, the method further includes removing at least a portion 
of the hardenable fluidic sealing material within the tubular Uner before curing. 
In a preferred embodiment, the method further includes lubricating the surface 
of the mandrel. In a preferred embodiment, the method further includes 
absorbing shock. In a preferred embodiment, the method further includes 
30 catching the mandrel upon the completion of the extruding. In a preferred 
embodiment, the method further includes drilling out the mandrel. In a 
preferred embodiment, the method further includes supi}orting the mandrel 
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with coiled tubing- In a preferred embodiment, the mandrel redpr^^ In a 
preferred embodiment, the mandrel is displaced in a first direction during the 
pressurization of the interior region of the mandrel, and the mandrel is 
displaced in a second direction during a de-pressurization of the interior region 
5 of the mandrel. In a preferred einbodiment, the tubular liner is maintained in a 
substantially stationary position during the pressurization of the interior region 
of the mandrel. In a preferred embodiment, the tubular liner is supported by 
the mandrel dxning a de-pressmization of the interior region of the mandrel. 
A wellbore casing has also been described that includes a first tubular 

10 member having a first inside diameter, and a second tubular member having a 
second inside diameter substantially equal to the first inside diameter coupled 
to the first tubular member in an overlapping relationship. The first and 
second tubular members are coupled by the process of deforming a portion of 
the second tubidar member into contact with a portion of the first tubular 

15 member. In a preferred embodiment, the second tubular member is deformed 
by the process of placing the first and second tubular members in an 
overlapping relation ship, radially expanding at least a portion of the first 
tubular member, and radially expanding the second tubtdar member. In a 
preferred enoJbodiment, the second tubular member is radially expanded by the 

20 process of supporting the second tubular member and a mandrel within the 
wellbore using a support member, injecting a fluidic material into the wellbore, 
pressturizing an interior region of the mandrel, and displacing a portion of the 
mandrel relative to the support member. In a preferred en[ibodiment, the 
injecting includes injecting hardenable fluidic sealing material into an annular 

25 region located between the borehole and the CTterior of the second liner, and 
injecting non hardenable fltudic material into an interior region of the mandrel. 
In a preferred embodiment, the wellbore casing fiurther includes fluididy 
isolating the axmular region firom the interior region of the mandrel before 
injecting the non hardenable fliudic material into the interior region of the 

30 mandrel. In a preferred einbodiment, the injecting of the hardenable fluidic 
sealing material is provided at operating pressures and flow rates ranging from 
about 0 to 5,000 psi and 0 to 1,500 gallons/min. In a preferred embodiment, the 
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injecting of the non hardenable fluidic material is provided at operating 
pressxires and flow rates ranging from about 500 to 9,000 psi and 40 to 3,000 
gallons/min. In a preferred embodiment, the injecting of the non hardenable 
fluidic material is provided at reduced operating pressures and flow rates 
5 during an end portion of the radial expansion. In a preferred embodiment, the 
fluidic material is injected into one or more pressure chambers* In a preferred 
embodiment, one or more pressure chambers are pressurized. In a preferred 
embodiment, the pressure chambers are pressurized to pressures ranging from 
about 500 to 9,000 psi. In a preferred embodiment, the weUbore casing farther 
10 includes fluididy isolating an interior region of the mandrel from an exterior 
region of the mandreL In a preferred embodiment, the interior region of the 
mandrel is isolated from the region exterior to the ntiandrel by inserting one or 
more plugs into the injected fluidic material. In a preferred embodiment, the 
wellbore casing further includes curing at least a portion of the fluidic material, 
15 and removing at least a portion of the cured fluidic material located witibin the 
second tubular liner. In a preferred embodiment, the wellbore casing further 
includes sealing the overlap between the first and second tubular liners. In a 
preferred embodiment, the wellbore casing further includes supporting the 
second tubular Uner using the overlap with the first tubular liner. In a 
20 preferred embodiment, the wellbore casing further includes testing the 

integrity of the seal in the overlap between the first and second tubular liners. 
In a preferred embodiment, the wellbore casing further includes removing at 
least a portion of the hardenable fluidic sealing material within the second 
tubular liner before curing. In a preferred embodiment, the wellbore casing 
25 further includes lubricating the siurface of the mandrel. In a preferred 
embodiment, the wellbore casing further includes absorbing shock. In a 
preferred embodiment, the wellbore casing further includes catching the 
mandrel upon the completion of the radial expansion. In a preferred 
embodiment, the wellbore casing further indudes drilling out the mandrel. In a 
30 preferred embodiment, the weUbore casing further indude supporting the 
mandrel with coiled tubing. In a preferred embodiment, the mandrd 
redprocates. In a preferred embodiment, the mandrel is displaced in a first 
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direction during the pressurization of the interior region of the mandrel; and 
wherein the mandrel is displaced in a second direction during a de- 
pressnrization of the interior region of the mandrel* In a preferred 
embodiment, the second tubular liner is maintained in a substantially 

5 stationary position during the pressurization of the interior region of the 
mandrel. In a preferred embodiment, the second tubxUar liner is supported by 
the mandrel dmring a de-pressurization of the interior r^on of the mandrel. 

An apparatus for expanding a tubular membCT has also been described 
that includes a support member including a fluid passage, a mandrel movably 

10 coupled to the support member including an expansion cone, at least one 
pressure chamber defined by and positioned between the support member and 
mandrel fluididy coupled to the first fluid passage, and one or more releasable 
supports coupled to the support merober adapted to support the tubidar 
member. In a preferred enabodiment, the fluid passage includes a throat 

15 passage having a reduced inner diametCT. In a preferred embodiment, the 
mandrel includes one or more annular pistons. In a preferred embodiment, the 
apparatus includes a plurality of pressure chambers. In a preferred 
embodiment, the pressure chambers are at least partially defined by annular 
pistons. In a preferred embodiment, the releasable supports are positioned 

20 below the mandrel. In a preferred embodiment, the releasable supports are 
positioned above the mandrel. In a preferred embodiment, the releasable 
supports comprise hydraulic slips. In a preferred embodiment, the releasable 
supports comprise mechanical slips. In a preferred embodiment, the releasable 
supports comprise drag blocks. In a preferred embodiment, the mandrel 

25 includes one or more annular pistons, and an expansion cone coupled to the 
annular pistons. In a preferred embodiment, one or more of the annular 
pistons include an expansion cone. In a preferred embodiment, the pressure 
chambers comprise anntdar pressure chambers. 

An j^paratus has also been described that includes one or more solid 

30 tubular members, each solid tubular member including one or more external 
seals, one or more slotted tubular members coupled to the solid tubular 
members, and a shoe coupled to one of the slotted tubular members. In a 
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preferred embodimeuty the apparatus further includes one or more 
intermediate solid tubular members coupled to and interleaved among the 
slotted tubular members, each intermediate solid tubular member including 
one or more external seals. In a preferred embodiment, the apparatus further 
5 includes one or more valve members. In a preferred embodiment^ one or more 
of the intermediate soUd tubular members include one or more valve members. 

A method of joining a second tubular member to a first tubular member, 
the first tubtdar member having an inner diameter greater than an outer 
diameter of the second tubular member, has also been described that includes 

10 positioning a mandrel within an interior region of the second tubular member, 
pressurizing a portion of the interior region of the mandrel, displacing the 
mandrel relative to the second tubtdar member, and extruding at least a portion 
of the second tubular member ofi* of the mandrel into engagement with the first 
tubular member. In a preferred embodiment, the pressurizing of the portion of 

15 the interior region of the mandrel is provided at operating pressures ranging 
from about 500 to 9,000 psL In a preferred embodiment, the pressurizing of the 
portion of the interior region of the mandrel is provided at reduced operating 
pressures during a latter portion of the extruding. In a preferred embodiment, 
the method further includes sealing the interface between the first and second 

20 tubtdar members. In a prefmred embodiment, the method further includes 
supporting the extruded second tubular member using the interface with the 
first tubtdar member. In a preferred embodiment, the method further includes 
lubricating the siuiace of the mandrel. In a preferred embodiment, the method 
further includes absorbing shock. In a preferred embodiment, the method 

25 further includes positioning the first and second tubular members in an 
overlapping relationship. In a preferred embodiment, the method fvirther 
includes fluidicly isolating an interior region of the mandrel an exterior region 
of the mandrel. In a preferred embodiment, the interior region of the mandrel 
is fluidicly isolated from the region exterior to the mandrel by injecting one or 

30 more plugs into the interior of the mandrel. In a preferred embodiment, the 
pressiurizing of the portion of the interior region of the mandrel is provided by 
injecting a fluidic material at operating pressmres and flow rates ranging fi:om 
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about 500 to 9,000 psi and 40 to 3,000 gallons/minute. In a preferred 
embodiment, the method further includes injecting fluidic material beyond the 
mandrel. In a preferred embodiment, one or more pressure chambers defined 
by the mandrel are pressiuized. In a preferred embodiment, the pressure 
5 chambers are pressurized to pressures ranging firom about 500 to 9,000 psi. In 
a preferred embodiment, the first tubiilar member comprises an existing section 
of a wellbore. In a preferred embodiment, the method further includes sealing 
the interface between the first and second tubular members. In a preferred 
embodiment, the method further includes supporting the extruded second 

10 tubular member using the first tubular member. In a preferred embodiment, 
the method further includes testing the integrity of the seal in the interface 
between the first tubular member and the second tubular member. In a 
preferred embodiment, the method further includes catching the mandrel upon 
the completion of the extruding. In a preferred embodiment, the method 

15 further includes drilling out the mandrel. In a preferred embodiment, the 
method further include supporting the mandrel with coiled tubing. In a 
preferred embodiment, the method further includes coupling the mandrel to a 
drillable shoe. In a preferred embodiment, the mandrel is displaced in the 
longitudinal direction. In a preferred embodiment, the mandrel is displaced in 

20 a first direction during the pressurization and in a second direction during a <ie- 
pressurization. 

An apparatus has also been described that includes one or more primary 
solid tubulars, each primary solid tubular including one or more external 
annular seals, n slotted tubulars coupled to the primary solid tubulars, n-1 

25 intermediate solid tubulars coupled to and interleaved among the slotted 
tubulars, each intermediate solid tubular including one or more external 
f^pynilflr seals, and a shoe coupled to one of the slotted tubulars. 

A method of isolating a first subterranean zone from a second 
subterranean zone in a weUbore has also been described that includes 

30 positioning one or more primary solid tubulars within the wellbore, the primary 
soUd tubidars traversing the first subterranean zone, positioning one or more 
slotted tubulars within the wellbore, the slotted tubulars traversing the second 
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subterranean zone, fluidicly coupling the slotted tubulars and the solid 
tubulars, and preventing the passage of fluids from the first subterranean zone 
to the second subterranean zone within the wellbore external to the solid and 
slotted tubulars. 

5 A method of extracting materials from a jiroducing subterranean zone in 

a wellbore, at least a portion of the wellbore including a casing, has also been 
described that includes positioning one or more primary solid tubulars within 
the wellbore, fluidicly coupling the primary solid tubulars with the casing, 
positioning one or more slotted tubulars within the wellbore, the slotted 

10 tubulars traversing the producing subterranean zone, fluidicly coupling the 
slotted tubiilars with the solid tubulars, fluididy isolating the producing 
subterranean zone from at least one other subterranean zone within the 
wellbore, and fluidicly coupling at least one of the slotted tubulars from the 
producing subterranean zone. In a preferred embodiment, the method further 

15 includes controUably fluidicly decoupling at least one of the slotted tubulars 
from at least one other of the slotted tubulars. 

A method of creating a casing in a borehole while also drilling the 
borehole also has been described that includes installing a tubular liner, a 
mandrel, and a drilling assembly in the borehole. A fluidic material is injected 

20 within the tubular liner, mandrel and drilling assembly. At least a portion of 
the tubidar liner is radially expanded while the borehole is drilled using the 
drilling assembly. In a preferred embodiment, the injecting includes injecting 
the fluidic material within an expandable chamber. In a preferred embodiment, 
the injecting includes iigecting hardenable fluidic sealing material into an 

25 annular region located between the borehole and the exterior of the tubular 
liner. In a preferred embodiment, the injecting of the hardenable fluidic sealing 
material is provided at operating pressiures and flow rates ranging fit>m about 0 
to 5,000 psi and 0 to 1,500 gallons/min. In a preferred embodiment, the 
injecting of the flxiidic material is provided at operating pressures and flow rates 

30 ranging from about 500 to 9,000 psi and 40 to 3,000 gallons/min. In a preferred 
embodiment, the injecting of the fluidic material is provided at reduced 
operating pressures and flow rates during an end portion of the radial 
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expansion. In a preferred embodiment) Hie metbod further includes curing at 
least a portion of the fltiidic material; and removing at least a portion of the 
cured fluidic material located within the tubular liner. In a preferred 
embodiment, the method further includes overlappmg the tubular liner with an 
5 existing wellbore casing. In a preferred embodiment, the method further 

includes sealing the overlap between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the overlap with the existing wellbore casing. In a 
preferred embodiment, the method further includes testing the integrity of the 

10 seal in the overlap between the tubular liner and the existing wellbore casing. 
In a preferred embodiment, the method further includes lubricating the surface 
of the mandrel. In a preferred embodiment, the method further includes 
absorbing shock. In a preferred embodiment, the method further includes 
catching the mandrel upon the completion of the extruding. In a preferred 

15 embodiment, the method further includes expanding the mandrel in a radial 
direction. In a preferred embodiment, the method further includes drilling out 
the mandrel. In a preferred embodiment, the method further includes 
supporting the mandrel with coiled tubing. In a preferred embodiment, the 
wall thickness of the tubular member is variable. In a preferred embodiment, 

20 the mandrel ia coupled to a drillable shoe. 

An apparatus has also been described that includes a support member, 
the support member including a first fluid passage; a mandrel coupled to the 
support member, the mandrel including: a second Quid passage; a tubular 
member coupled to the mandrel; and a shoe coupled to the tubular liner, the 

25 shoe including a third fluid passage; and a drilling assembly coupled to the shoe; 
wherein the first, second and third fluid passages and the drilling assembly are 
operably coupled. In a preferred embodiment, the support member further 
includes: a pressinre relief passage; and a flow control valve coupled to the first 
fluid passage and the pressiure relief passage. In a preferred embodiment, the 

30 support member further includes a shock absorber. In a preferred embodiment, 
the support member includes one or more sealing members adapted to prevent 
foreign material from entering an interior region of the tubular member. In a 
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preferred embodiment, the support member includes one or more stabilizers. 
In a preferred embodiment, the mandrel is expandable. In a preferred 
embodiment, the tubulsur member is fabricated from materials selected from the 
group consisting of Oilfield Country Tubular Goods, automotive grade steel, 
5 plastic and chromium steel. In a prefared embodiment, the tubular member 
has inner and outer diameters ranging from about 0.75 to 47 inches and 1.05 to 
48 inches, respectively. In a preferred embodiment, the tubular member has a 
plastic yield point ranging from about 40,000 to 135,000 psi. In a preferred 
embodiment, the tubtdar member includes one or more sealing members at an 

10 end portion. In a preferred embodiment, the tubular member includes one or 
more pressure relief holes at an end portion. In a preferred embodiment, the 
tubular member includes a catching member at an end portion for slowing 
down movement of the mandrel. In a preferred embodiment, the support 
member comprises coiled tubing. In a preferred embodiment, at least a portion 

15 of the mandrel and shoe are drillable. In a preferred embodiment, the wall 
thickness of the tubular member in an area adjacent to the mandrel is less than 
the wall thickness of the tubular member in an area that is not adjacent to the 
mandrel. In a preferred embodiment, the apparatus further includes an 
expandable chamber. In a preferred embodiment, the expandable chamber is 

20 approximately cylindrical. In a preferred embodiment, the expandable 
chamber is approximately annular. 

A method of forming an undergrotmd pipeline within an undergroimd 
tunnel including at least a first tubular member and a second tubidar member, 
the first tubular member having an inner diameter greater than an outer 

25 diameter of the second tubular member, has also been described that includes 
positioning the first tubular member within the tunnel; positioning the second 
tubular member within the tunnel in an overlapping relationship with the first 
tubular member; positioning a mandrel and a drilling assembly within an 
interior region of the second tubular member; injecting a fluidic material within 

30 the mandrel, drilling assembly and the second tubidar member, extruding at 
least a portion of the second tubular member off of the mandrel into 
engagement with the first tubular member; and drilling the tunnel. In a 
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preferred embodiment, the injecting of the iluidic material is provided at 
operating pressures ranging from about 500 to 9,000 psi. In a preferred 
embodiment, the injecting of the iluidic material is provided at reduced 
operating pressures during a latter portion of the extruding. In a preferred 
5 embodiment, the method further includes sealing the interface between the 
first and second tubular members. In a preferred embodiment^ the method 
farther includes supporting the extruded second tubidar member using the 
interface with the first tubular member. In a preferred embodiment, the 
method further includes lubricating the surface of the mandrel In a preferred 

10 embodiment, the method furtiher includes absorbing shock. In a preferred 
embodiment, the method further includes expanding the mandrel in a radial 
direction. In a preferred embodiment, the method further includesealing the 
interface between the first and second tubular members. In a preferred 
embodiment, the method farther includes supporting the extruded second 

15 tubular member using the first tubular member. In a preferred embodiment, 
the method further includes testing the integriiy of the seal in the interface 
between the first tubular member and the second tubular member. In a 
preferred embodiment, the method further includes catching the mandrel upon 
the completion of the extruding. In a preferred embodiment, the method 

20 further includes drilling out the mandrel. In a preferred embodiment, the 
method further includes supporting the mandrel with coiled tubing. In a 
preferred embodiment, the method further includes coupling the mandrel to a 
drillable shoe. In a preferred embodiment, the fluidic material is injected into 
an expandable chamber. In a preferred embodiment, the expandable chamber 

25 is substantially cylindricaL In a preferred embodiment, the expandable 
chamber is substantially annular. An apparatus has also been described 
that includes a wellbore, the wellbore formed by the process of drilling the 
wellbore; and a tubular liner positioned within the wellbore, the tubular liner 
formed by the process of extruding the tubular liner off of a mandrel while 

30 drilling the wellbore. In a preferred embodiment, the tubular liner is formed by 
the process of: placing the tubular liner and mandrel within the wellbore; and 
pressiuizing an interior portion of the tubular liner. In a preferred 
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embodiment^ the interior portion of the tubular liner is pressurized at pressures 
ranging from about 500 to 9,000 psi. In a preferred embodiment, the tubular 
liner is formed by the process of: placing the tubular liner and mandrel within 
the wellbore; and pressurizing an interior portion of the mandrel. In a 
5 preferred embodiment, the interior portion of the mandrel is pressurized at 
pressures ranging from about 500 to 9,000 psi. In a preferred embodiment, the 
apparatus fiirther includes an aimular body of a cured fluidic material coupled 
to the tubular liner. In a preferred embodiment, the annular body of a cured 
fluidic sealing material is formed by the process of: injecting a body of 

10 hardenable fluidic sealing material into an aimular region external of the 
tubular liner. In a preferred embodiment, the tubular liner overlaps with an 
existing wellbore casing. In a preferred embodiment, the apparatus further 
includes a seal positioned in the overlap between the tubular liner and the 
existing wellbore casing. In a preferred embodiment, the tubular liner is 

15 supported by the overlap with the existing wellbore casing. In a preferred 
embodiment, the process of extruding the tubular liner includes the 
pressurizing of an expandable chamber. In a preferred embodiment, the 
expandable chamber is substantially cylindrical. In a preferred embodiment, 
the expandable chamber is substantially annular. 

20 A method of forming a wellbore casing in a wellbore has also been 

described that includes drilling out the wellbore while forming the wellbore 
casing. In a preferred embodiment, the forming includes: expanding a tubular 
member in the radial direction. In a preferred embodiment, the expanding 
includes: displacing a mandrel relative to the tubular member. In a preferred 

25 embodiment, the displacing includes: expanding an expandable chamber. In a 
preferred ^nbodiment, the expandable chamber comprises a cylindrical 
chamber. In a preferred embodiment, the expandable chamber comprises an 
annular chanober. 

A method of expanding a tubular member has also been described that 
30 includes placing a mandrel within the tubular member, pressurizing an anniilar 
region within the tubular member, and displacing the mandrel with respect to 
the tubular member. In a preferred embodiment, the method further includes 
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removing fluids within the tubular member that are displaced by the 
displacement of the mandrel. In a preferred embodiment^ the removed fluids 
pass inside the annular region. In a preferred embodiment, the volume of the 
annular region mcreases. In a preferred embodiment^ the method further 
5 includes sealing off the annidar region. In a preferred embodiment, sealing off 
the aimular region includes sealing a stationary member and sealing a non- 
stationary member. In a preferred embodiment, the method further includes 
conveying fluids in opposite directions. In a preferred embodiment, the method 
further includes conveying a jnressurized fluid and a non-pressurized fluid in 

10 opposite directions. In a preferred embodiment, the presstudzing is provided at 
operating pressures ranging &om about 0 to 9,000 psi. In a preferred 
embodiment, the pressurizing is provided at flow rates ranging from about 0 to 
3,000 gallons/minute, 

A method of coupling a tubular miember to preexisting structure has also 

15 been described that includes positioning the tubular member in an overlapping 
relationship to the preexisting structure, placing a mandrel within the tubidar 
member, pressmizing an annular region within the tubular member, and 
displacing the mandrel with respect to the tubular member. In a preferred 
embodiment, the method further includes removing fluids within the tubular 

20 member that are displaced by the displacement of the mandrel. In a preferred 
embodiment, the removed fluids pass inside the annular region. In a preferred 
embodiment, the voltune of the annidar region increases. In a preferred 
embodiment, the method further includes sealing off the annular region. In a 
preferred embodiment, sealing off the annular region includes sealing a 

25 stationary member and sealing a non-stationaiy member. In a jireferred 
embodiment, the method further includes conveying fluids in opposite 
directions. In a preferred embodiment, the method further includes conveying 
a pressurized fluid and a non-pressurized fluid in opposite directions. In a 
preferred embodiment, the pressurizing is provided at operating pressures 

30 ranging from about 0 to 9,000 psi. In a preferred embodiment, the pressurizing 
is provided at flow rates ranging from about 0 to 3,000 gallons/minute. 
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A method of repairing a defect in a preexisting structure using a tubular 
member has also been described that includes positioning the tubular member 
in an ov^lapping relationship to the defect in the preexisting structure, placing 
a maadrel within the tubular member, presstirizing an aimular region within 
5 the tubular member, and displacing the mandrel with respect to the tubular 
member. In a preferred embodiment, the method further includes removing 
fluids within the tubular member that are displaced by the displacement of the 
mandrel. In a preferred embodiment, the removed fluids pass inside the 
annular region. In a preferred embodiment, the volume of the annular region 

10 increases. In a preferred embodiment, the method furtlier includes sealing off 
the annular region. In a preferred embodiment, sealing ofif the annular region 
includes sealing a stationary member and sealing a non-stationary member. In 
a preferred embodiment, the method further includes conveying fluids in 
opposite directions. In a preferred embodiment, the method further includes 

15 conveying a pressurized fluid and a non-pressiurized fluid in opposite directions. 
In a preferred embodiment, the pressurizing is provided at operating pressures 
ranging from about 0 to 9,000 psi. In a preferred embodiment, the pressxuizing 
is provided at flow rates ranging from about 0 to 3,000 gallons/minute. In a 
preferred embodiment, the method further includes sealing the interface 

20 between the preexisting structure and the tubular member at ends of the 
tubular member. 

An apparatus for radially expanding a tubular member has also been 
described that includes a first tubular member, a second tubular member 
positioned within the first tubular member, a third tubtilar member movably 

25 coupled to and positioned within the second tubular member, a first annular 
sealing member for sealing an interface between the first and second tubular 
members, a second annular sealing member for sealing an interface between 
the second and third tubular members, and a mandrel positioned within the 
first tubular member and coupled to an end of the third tubular member. In a 

30 preferred embodiment, the apparatus further includes an flnnnlftr chamber 
defined by the first tubular member, the second tubular member, the third 
tubular member, the first annular sealing member, the second annular sealing 
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member, and the mandrel. In a preferred embodiment, the apparatus further 
includes an annular passage defined by the second tubular member and the 
third tubular member. In a preferred embodiment, the apparatus ftuilier 
includes a fluid passage contained within the third tubular member and the 
5 mandrel. In a preferred embodiment, the apparatus further includes one or 
more sealing members coupled to an esterior surface of the first tubular 
member. In a preferred embodiment, the apparatus further includes an 
annular chan[iber defined by the first tubular member, the second tubidar 
member, the third tubular member, the first annular sealing member, the 

10 second aimular sealing member, and the mandrel, and annular passage defined 
by the second tubular member and the third tubular member. In a preferred 
embodiment, the annular chamber and the annular passage are fluididy 
coupled. In a preferred embodiment, the apparatus further includes one or 
more slips coupled to the esrterior siuface of the first tubular member. In a 

15 preferred embodiment, the mandrel includes a conical siurface. In a preferred 
embodiment, the angle of attack of the conical surface ranges fi-om about 10 to 
30 degrees. In a preferred embodiment, the conical surface has a surface 
hardness ranging from about 58 to 62 Rockwell C. 

An apparatus has also been described that includes a tubular member, a 

20 piston adapted to expand the diameter of the tubular member positioned witliin 
the tubular member, the piston including a passage for conveying fluids out of 
the tubular member, and an annular chamber defined by the piston and tubular 
member. In a preferred embodiment, the piston includes a conical sinface. In a 
preferred embodiment, the angle of attack of the conical surface ranges from 

25 about 10 to 30 degrees. In a preferred embodiment, the conical smf ace has a 
surface hardness ranging from about 58 to 62 Rockwell C. In a preferred 
embodiment, the tubular member includes one or more sealing members 
coupled to the exterior surface of the tubular member. 

A wellbore casing has also been described that includes a first tubular 

30 member and a second tubular member coupled to the first tubular member. 
The second tubular member is coupled to the first tubular member by the 
process of positioning the second tubidar member in an overlapping 

-274- 



25791J23.02 



relationship to the first tubular member, placing a mandrel within the second 
tubtilar member, pressurizing an annular region within the second tubular 
member, and displacing the nt^drel with respect to the second tubular 
member. In a preferred embodiment, the wellbore casing further includes 
5 removing fluids within the second tubular member that are displaced by the 
displacement of the mandrel. In a preferred embodiment, the removed fluids 
pass inside the annular region. In a preferred embodiment, the volume of the 
annxilar region increases. In a preferred embodiment, the wellbore casing 
further includes sealing off the annular region. In a preferred embodiment, 
10 sealing off the annular region includes sealing a stationary member and sealing 
a non-stationary member. In a preferred embodiment, the wellbore casing 
further including conveying fluids in opposite directions. In a preferred 
embodiment, the wellbore casing further includes conveying a pressurized fluid 
and a non-pressxuized fluid in opposite directions. In a preferred embodiment, 
15 the pressiuizing is provided at operating pressures ranging from about 0 to 
9,000 psi. In a preferred embodiment, the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 gallons/minute. 

An apparatus has also been described that includes a preexisting 
structure and a tubular member coupled to the preexisting structure. The 
20 tubular member is coupled to the preexisting structure by the process of: 
positioning the tubular member in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, 
presstu-izing an aimular region within the tubidar member, and displacing the 
mandrel with respect to the tubular member. In a preferred embodiment, the 
25 apparatus further includes removing fluids within the tubiilar member that are 
displaced by the displacement of the mandrel. In a preferred embodiment, the 
removed fluids pass inside the annular region. In a preferred embodiment, the 
volume of the annular region increases. In a preferred embodiment, the 
apparatus further includes sealing off the annular region. In a preferred 
30 embodiment, sealing off the annular region includes sealing a stationary 

member and sealing a non-stationary member. In a preferred embodiment, the 
apparatus further includes conveying fluids in opposite directions. In a 
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preferred embodiment, the apparatus further includes conveying a pressiudzed 
fluid and a non-pressurized fluid in opposite directions. In a preferred 
embodiment, the pressurizing is provided at operating pressures ranging from 
about 0 to 9,000 psi. In a preferred embodiment, the pressurizing is provided at 
5 flow rates ranging from about 0 to 3,000 gaUonsAninute. 

An apparatus has also been described that includes a preedsting 
structure having a defective portion and a tubular member coupled to the 
defective portion of the preexisting structure. The tubular member is coupled 
to the defective portion of the preexisting structure by the process of: 

10 positioning the tubular member in an overlapping relationship to the defect in 
the preexisting structure, placing a mandrel within the tubular member, 
pressiuizing an annular region within the tubtilar member, and displacing the 
mandrel with respect to the tubular member. In a preferred embodiment, the 
apparatus fiuUier includes removing fluids within the tubular member that are 

15 displaced by the displacement of the mandrel. In a preferred embodiment, the 
removed fluids pass inside the annular region. In a preferred embodiment, the 
volimie of the annular region increases. In a preferred embodiment, the 
apparatus further includes sealing off the annular region. In a preferred 
embodiment, sealing off the annxilar region includes sealing a stationary 

20 member and sealing a non-stationary member. In a preferred embodiment, tiie 
apparatus further includes conveying fluids in opposite directions. In a 
preferred embodiment, the apparatus further includes conveying a pressxurized 
fluid and a non-pressurized fluid in opposite directions. In a preferred 
embodiment, the pressurizing is provided at operating pressures ranging from 

25 about 0 to 9,000 psi. In a preferred embodiment, ihe pressiuizing is provided at 
flow rates ranging from about 0 to 3,000 gallons/minute. In a preferred 
embodiment, the apparatus further includes sealing the interface between the 
preexisting structure and the tubular member at ends of the tubtdar member. 
A method of expanding a tubidar member has also been described that 

30 includes placing a mandrel within the tubidar member, pressurizing a region 
within the tubular member, and displacing the mandrel with respect to the 
tubular member. In a preferred embodiment, the pressiuizing is provided at 
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operating pressures ranging firom about 0 to 9,000 psi* In a preferred 
embodiment^ the pressurizing is provided at flow rates ranging from about 0 to 
3,000 gallons/minute. In a preferred embodiment, the tubular member is 
expanded beginning at an upper portion of the tubular member. 
5 A method of coupling a tubular member to preexisting structure has also 

been described that includes positioning the tubular member in an ov^lapping 
relationship to the preexisting structure, placing a mandrel within the tubular 
member, pressurizing an interior region within the tubular member, and 
displacing the mandrel with respect to the tubular member. In a preferred 
10 embodiment, the pressiuizing is provided at operating pressures ranging from 
about 0 to 9,000 psi. In a preferred embodiment, the pressurizing is provided at 
flow rates ranging from about 0 to 3,000 gallons/minute. In a preferred 
embodiment, the tubular member is expanded beginning at an upper portion of 
the tubtdar member. 
15 A method of repairing a defect in a preexisting structure using a tubular 

member has also been described that includes positioning the tubular member 
in an overlapping relationship to the defect in the preexisting structure, placing 
a mandrel within the tubular member, pressurizing an interior region within 
the tubular member, and displacing the mandrel with respect to the tubular 
20 member. In a preferred embodiment, the pressurizing is provided at operating 
pressures ranging from about 0 to 9,000 psi. In a preferred embodiment, the 
pressiudzing is provided at flow rates ranging from about 0 to 3,000 
gallons/minute. In a preferred embodiment, the tubular member is expanded 
beginning at an upper portion of the tubular member. In a preferred 
25 embodiment, the method further includes sealing the interface between the 
preexisting structure and the tubular member at both ends of the tubular 
member. 

An apparatus for radially expanding a tubular member has also been described 
that includes a flrst tubular member, a second tubular member coupled to the 
30 flrst tubular men:iber, a third tubular member coupled to the second tubular 
member, and a mandrel positioned within the second tubular member and 
coupled to an end portion of the third tubular member. In a preferred 
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embodiment^ the mandrel includes a fluid passage having an inlet adapted to 
receive fluid stop member. In a preferred embodiment, ihe apparatus further 
includes one or more slips coupled to the exterior surface of the third tubular 
member. In a preferred embodiment, the mandrel includes a conical surface. 
5 In a preferred embodiment, the angle of attack of the conical surface ranges 
from about 10 to 30 degrees. In a preferred embodiment, the conical surface 
has a surface hardness ranging from about 58 to 62 Rockwell C. In a preferred 
embodiment, the average inside diameter of the second tubular member is 
greater than the average inside diameter of the third tubular member. 

10 An apparatus has also been described that includes a tubular member, a 

piston adapted to expand the diameter of the tubxilar member positioned within 
the tubular member, the piston including a passage for conveying fluids out of 
the tubular member. In a preferred embodiment, the piston includes a conical 
surface. In a preferred embodiment, the angle of attack of the conical sinrface 

15 ranges from about 10 to 30 degrees. In a preferred embodiment, the conical 
svirface has a surface hardness ranging from about 58 to 62 Rockwell C. In a 
preferred embodiment, the tubidar member includes one or more sealing 
members coupled to the exterior stutface of the tubular member. 

A wellbore casing has also been described that includes a first tubular 

20 member and a second tubular member coupled to the first tubular mentiber. 
The second tubular member is coupled to the first tubular member by the 
process of: positioning the second tubular member in an overlapping 
relationship to the first tubular member, placing a mandrel within the second 
tubular member, presstuizing an interior region within the second tubular 

25 member, and displacing the mandrel with respect to the second tubtdar 

member. In a preferred embodiment, the pressiurizing is provided at operating 
pressures ranging from about 0 to 9,000 psi. In a preferred embodiment, the 
pressurizing is provided at flow rates ranging from about 0 to 3,000 
gallons/minute. 

30 An apparatus has also been described that includes a preexisting 

structure and a tubular member coupled to the preexisting structure. The 
tubular member is coupled to the preexisting structure by the process of: 
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positioning the tubular member in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, 
pressurizing an interior region within the tubular member, and displacing the 
mandrel with respect to the tubular member. In a preferred embodiment, the 
5 pressurizing is provided at operating pressures ranging from about 0 to 9,000 
psi. In a preferred embodiment, the presstuizing is provided at flow rates 
ranging from about 0 to 3,000 gallons/minute. 

An apparatus has also been described that includes a preexisting 
structure having a defective portion and a tubtdar member coupled to the 

10 defective portion ofthe preexisting structure. The tubtdar member is coupled 
to the defective portion of the preexisting structure by the process of: 
positioning the tubular member in an overlapping relationship to the defect in 
the preexisting structure, placing a mandrel within the tubtdar member, 
pressurizing an interior region within the tubular member, and displacing the 

15 mandrel with respect to the tubular member. In a preferred embodiment, the 
pressurizing is provided at operating pressures ranging from about 0 to 9,000 
psi. In a preferred embodiment, the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 gaUons/minute. In a preferred embodiment, the 
apparatus further includes sealing the interface between the preexisting 

20 structure and the tubular member at both ends of the tubtdar member. 

An apparatus also has been described that includes a first tubular 
member, a second tubular member, and a threaded connection for coupling the 
first tubular member to the second tubular member. The threaded connection 
includes one or more sealing members for sealing the interface between the first 

25 and second tubular members. In a preferred embodiment, the threaded 
connection comprises a pin and box threaded connection. In a preferred 
embodiment, the sealing members are positioned adjacent to an end portion of 
the threaded connection. In a preferred embodiment, one ofthe sealing 
members is positioned adjacent to an end portion of tiie threaded connection; 

30 and wherein another one of the sealing members is not positioned adjacent to 
an end portion ofthe threaded connection. In a preferred embodiment, a 
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pliirality of the sealing members are positioned adjacent to an end portion of 
the threaded connection. 

An apparatus also has been described that includes a tubular assembly 
having a first tubular member, a second tubular member, and a threaded 
5 connection for coupling the first tubular member to the second tubular 
member. The threaded connection includes one or more sealing members for 
sealing the interface between the first and second tubular members. The 
tubiilar assembly is formed by the process of radially expanding the tubular 
assembly. In a preferred embodiment, the threaded connection comprises a pin 

10 and box threaded connection. In a preferred embodiment, the sealing members 
are positioned adjacent to an end portion of the threaded connection. In a 
preferred embodiment, one of the sealing members is positioned adjacent to an 
end portion of the threaded connection; and wherein another one of the sealing 
members is not positioned adjacent to an end portion of the threaded 

15 connection. In a preferred embodiment, a plurality of the sealing members are 
positioned adjacent to an end portion of the threaded connection. 

An apparatus also has been described that includes a tubular member 
and a mandrel positioned within the tubidar member including a conical 
surface have an angle of attack ranging firom about 10 to 30 degrees. In a 

20 preferred embodiment, the tubular member includes a first tubular member, a 
second tubular member, and a threaded connection for coupling the first 
tubular member to the second tubular member. The threaded connection 
includes one or more sealing members for sealing the interface between the first 
and second tubular members. In a preferred embodiment, the threaded 

25 connection comprises a pin and box threaded connection. In a preferred 

embodiment, the sealing members are positioned adjacent to an end portion of 
the threaded connection. In a preferred embodiment, one of the sealing 
members is positioned adjacent to an end portion of the threaded connection; 
and wherein another one of the sealing members is not positioned at^acent to 

30 an end portion of the threaded connection. In a preferred embodiment, a 
plurality of the sealing members are positioned adjacent to an end portion of 
the threaded connection. 
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Although illustrative embodiments of the invention have been shown and 
described, a wide range of modiiBcation, changes and substitution is 
contemplated in the foregoing disclosure* In some instances, some features of 
the present invention may be employed without a corresponding use of the 
5 other features. Accordingly, it is appropriate that the appended claims be 
construed broadly and in a manner consistent with the scope of the invention. 
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CLAIMS: 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 icjecting fluidic material into the borehole; 

5 pressurizing a portion of an interior region of the tubular liner; and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandrel. 

12. An apparatus for expanding a tubular member, comprising: 

2 a support member, the support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage; 

5 a tubidar member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe including a third fluid 

7 passage; 

8 wherein the first, second and third fluid passages are operably coupled. 

13. A method of joining a second tubular member to a first tubular member, 

2 the first tubular member having an inner diameter greater than an outer 

3 diameter of the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurizing a portion of the interior region of the second tubular 

7 member; and 

8 extruding at least a portion of the second tubular member off of the 

9 mandrel into engagement with the first tubular member. 

14. A tubular liner, comprising: 

2 an annular member, the annular member including: 
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3 one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more pressure relief passages at an end portion of the 

6 annular member. 

15. A wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding the tubular liner off of a mandrel; and 

4 an annular body of a ciured iluidic sealing material coupled to the tubiilar 

5 liner. 

16. A tie-back liner for lining an existing wellbore casing, comprising: 

2 a tubular hner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular liner off of a mandrel; 

4 and 

5 an annidar body of a cured fluidic sealing material coupled to the tubular 

6 liner. 

1 7. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 

8 an expandable tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe including: 

10 a third fluid passage operably coupled to the second fltud passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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14 8. A wellhead, comprising: 

15 an outer casing; and 

16 a plurality of substantially concentric and overlapping inner casings 

17 coupled to the outer casing; 

18 wherein each inner casing is supported by contact pressure between an 

19 outer surface of the inner casing and an inner surface of the outer 

20 casing. 

1 9. A wellhead, comprising: 

2 an outer casing at least partially positioned within a wellbore; and 

3 a plurality of substantially concentric inner casings coupled to the 

4 interior surface of the outer casing by the process of expanding 

5 one or more of the inner casings into contact with at least a 

6 portion of the interior siuiace of the outer casing. 

1 10. A method of forming a wellhead, comprising: 

2 drilling a wellbore; 

3 positioning an outer casing at least partially within an upper portion of 

4 the wellbore; 

5 positioning a first tubular member within the outer casing; 

6 expanding at least a portion of the first tubular member into contact 

7 with an interior surface of the outer casing, 

8 positioning a second tubidar member within the outer casing and the 

9 first tubular member; and 

10 expanding at least a portion of the second tubxilar member into contact 

11 with an interior portion of the outer casing. 

1 11. An apparatus, comprising: 

2 an outer tubular member; and 

3 a plurality of substantially concentric and overlapping inner tubular 

4 members coupled to the outer tubidar member; 
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5 wherein each inner tubular member is supported by contact pressure 

6 between an outer surface of the inner casing and an inner surface 

7 of the outer inner tubular member. 

1 12. An apparatus, comprising: 

2 an outer tubular member; and 

3 a pliuralily of substantially concentric inner tubular menobers coupled to 

4 the interior surface of the outer tubular menober by the process of 

5 expanding one or more of the inner tubular members into contact 

6 with at least a portion of the interior smiace of the outer tubular 

7 member. 

1 13. A wellbore casing, comprising: 

2 a first tubidar member; and 

3 a second tubular member coupled to the first tubidar member in an 

4 overlapping relationship; 

5 wherein the inner diameter of the first tubular member is substantially 

6 equal to the inner diameter of the second tubular member. 

1 14. A wellbore casing, comprising: 

2 a tubular member including at least one thin wall section and a thick 

3 wall section; and 

4 a compressible annular member coupled to each thin wall section. 

1 15. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 supporting a tubular liner and a mandrel in the borehole using a support 

4 member; 

5 injecting fluidic material into the borehole; 

6 pressxuizing an interior region of the mandrel; 

7 displacing a portion of the mandrel relative to the support member, and 

8 radially expanding the tubular liner. 
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1 16. A wellbore casing, comprising: 

2 a first tubtilar member having a first inside diameter; and 

3 a second tubular member having a second inside diameter substantially 

4 equal to the first inside diameter coupled to the first tubtdar 

5 member in an overlapping relationship; 

6 wherein the first and second tubular members are coupled by the process 

7 of deforming a portion of the second tubular member into contact 

8 with a portion of the first tubular member. 

1 17. An apparatus for expanding a tubular member, comprising: 

2 a support member including a fluid passage; 

3 a mandrel movably coupled to the support member including an 

4 expansion cone; 

5 at least one pressure chamber defined by and positioned between the 

6 support member and mandrel fltiidicly coupled to the first fluid 

7 passage; and 

8 one or more releasable supports coupled to the support member adapted 

9 to support the tubular member. 

1 18. An apparatus, comprising: 

2 one or more solid tubular members, each solid tubular member including 

3 one or more external seals; 

4 one or more slotted tubular members coupled to the solid tubular 

5 members; and 

6 a shoe coupled to one of the slotted tubtdar members. 

1 19. A method of joining a second tubular member to a first tubular member, 

2 the first tubtdar member having an inner diameter greater than an outer 

3 diameter of the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurizing a portion of the interior region of the mandrel; 
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7 displacing the xnaadrel relative to the second tubtdar member; and 

8 ea±ruding at least a portion of the second tubular member off of the 

9 mandrel into engagement with the first tubular member. 

1 20. An apparatus, comprising: 

2 one or more primary sohd tubulars, each primary solid tubular including 

3 one or more external annular seals; 

4 n slotted tubulars coupled to the primary solid tubulars; 

5 n-1 intermediate solid tubulars coupled to and interleaved among the 

6 slotted tubulars, each intermediate soUd tubular including one or 

7 more external anntdar seals; and 

8 a shoe coupled to one of the slotted tubulars. 

1 21. A method of isolating a first siibtCTranean zone firom a second 

2 subterranean zone in a wellbore, comprising: 

3 positioning one or more primary solid tubulars within the wellbore, the 

4 primary solid tubxilars traversing the first subterranean zone; 

5 positioning one or more slotted tubulars within the wellbore, the slotted 

6 tubidars traversing the second subterranean zone; 

7 fluididy coupling the slotted tubidars and the sohd tubulars; and 

8 preventing the passage of fluids firom the first subterranean zone to the 

9 second siibterranean zone within the wellbore external to the solid 
10 and slotted tubulars. 

1 22. A method of extracting materials firom a producing subterranean zone in 

2 a wellbore, at least a portion of the wellbore including a casing, comprising; 

3 positioning one or more primary sohd tubulars within the wellbore; 

4 fluididy coupling the primary soUd tubulars with the casing; 

5 positioning one or more slotted tubulars within the wellbore, the slotted 

6 tubulars traversing the producing subterranean zone; 

7 fluididy coupling the slotted tubulars with the soUd tubulars; 
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8 fluidicly isolaidng the producing stibteiranean zone from at least one 

9 other subterranean zone within the wellbore; and 

10 fluididy coupling at least one of the slotted tubulars from the producing 

11 subterranean zone. 

1 23. A method of creating a casing in a borehole while also drilling the 

2 borehole, comprising: 

3 installing a tubular liner, a mandrel, and a drilling assembly in the 

4 borehole; 

5 injecting fluidic matmal within the tubular liner, mandrel and drilling 

6 assembly; 

7 radially expanding at least a portion of the tubular hner; and 

8 drilling the borehole using the drilling assembly. 

1 24. An apparatus, comprising: 

2 a support member, the support member including a jSrst fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage; 

5 a tubiilar member coupled to the mandrel; and 

6 a shoe coupled to the tubular Hner, the shoe including a third fluid 

7 passage; and 

8 a drilling assembly coupled to the shoe; 

9 wherein the first, second and third fluid passages and the drilling 
10 assembly are operably coupled. 



1 25. A method of forming an imdergrotmd pipeline within an underground 

2 tunnel including at least a first tubular member and a second tubular member, 

3 the first tubular member having an inner diameter greater than an outer 

4 diameter of the second tubular member, comprising: 



5 positioning the first tubular member within the tunnel; 

6 positioning the second tubular member within the tunnel in an 

7 overlapping relationship with the first tubular member; 
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8 positioning a mandrel and a drilling assembly Within an interior region of 

9 the second tubular member; 

10 injecting a fluidic material within the mandrel, drilling assembly and the 

11 second tubular member; 

12 e:dxuding at least a portion of the second tubular member off of the 

13 mandrel into engagement vdth the first tubular member; and 

14 drilling the tunnel. 

1 26. An apparatus, comprising: 

2 a wellbore, the wellbore formed by the process of drilling the wellbore; 

3 and 

4 a tubular liner positioned within the wellbore, the tubxilar liner formed 

5 by the process of extruding the tubular liner off of a mandrel while 

6 drilling the wellbore. 

1 27. A method of expanding a tubular member, comprising: 

2 placing a mandrel within the tubular memb^; 

3 presstuizing an annular region within the tubular member; and 

4 displacing the mandrel with respect to the tubular member. 

1 28. A method of coupling a tubular member to preexisting structure, 

2 comprising: 

3 positioning the tubular member in an overlapping relationship to the 

4 preexisting structure; 

5 placing a mandrel within the tubular member; 

6 pressurizing an annular region within the tubular member; and 

7 displacing the mandrel with respect to the tubular member. 

1 29. A method of repairing a defect in a preexisting structure using a tubular 

2 men[iber, comprising: 

3 positioning the tubtdar member in an overlapping relationship to the 

4 defect in the preexisting structure; 
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5 placing a mandrel within the tubular member; 

6 pressurizing an annular region within the tubtilar member; and 

7 displacing the mandrel with respect to the tubular member. 

1 30. An apparatus for radially expanding a tubular member, comprising. 

2 a first tubular member; 

3 a second tubular member positioned within the first tubular member; 

4 a third tubular member movably coupled to and positioned within the 

5 second tubular member; 

6 a first anntdar sealing member for sealing an interface between the first 

7 and second tubular members; 

8 a second annular sealing member for sealing an interface between the 
g second and third tubular members; and 

10 a mandrel positioned within the first tubidar member and coupled to an 

11 end of the third tubular member. 

1 31. An apparatus, comprising: 

2 a tubular member; 

3 a piston adapted to expand the diameter of the tubidar member 

4 positioned within the tubular member, the piston including a 

5 passage for conveying fluids out of the tubular member; and 

6 an annular chamber defined by the piston and tubular member. 

1 32. A wellbore casing, comprising: 

2 a first tubiilar member; and 

3 a second tubtdar member coupled to the first tubular member by the 

4 process of: 

5 positioning the second tubular member in an overlapping 

6 relationship to the first tubular member 

7 placing a mandrel within the second tubular member; 

8 pressurizing an aimular region within the second tubular member; 

9 and 
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10 displacing the mandrel with respect td the second tubular 

11 member. 

12 33. An apparatus, comprising: 

13 a preexisting structure; and 

14 a tubular member coupled to the preexisting structure by the process of: 

15 positioning the tubular member in an overlapping relationship to 

16 the preexisting structure; 

17 placing a mandrel within the tubular member; 

18 pressurizing an annular region within tihe tubular member; and 

19 displacing the mandrel with respect to the tubular member. 

1 34. An apparatus, comprising: 

2 a preexisting structure having a defective portion; and 

3 a tubular member coupled to the defective portion of the preexisting 

4 structure by the process of: 

5 positioning the tubular member in an overlapping relationship to 

6 the defect in the preexisting structure; 

7 pladng a mandrel within the tubular member; 

8 pressurizing an annular region within the tubular member; and 

9 displacing the mandrel with respect to the tubular member. 

1 35, A method of expanding a tubular member, comprising: 

2 placing a mandrel within the tubular member; 

3 pressurizing a region within the tubular member; and 

4 displacing the mandrel with respect to the tubular member. 

1 36. A method of coupling a tubtdar member to preexisting structure, 

2 comprising: 

3 positioning the tubular member in an overlapping relationship to the 

4 preexisting structure; 

5 placing a mandrel within the tubular member; 
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6 pressiirizing an interior region within the tubular member; and 

7 displacing the mandrel with respect to the tubular member. 

1 37. A method of repairing a defect in a preesdsting structure using a tubular 

2 member, comprising: 

3 positioning the tubular member in an ov^lapping relationship to the 

4 defect in the preexisting structure; 

5 placing a mandrel withia the tubidar member; 

6 pressurizing an interior region within the tubular member; and 

7 displacing the mandrel with respect to the tubular member. 

1 38. An apparatus for radially expanding a tubular member, comprising: 

2 a first tubular member; 

3 a second tubular member coupled to the first tubular member; 

4 a third tubular member coupled to the second tubtilar member; and 

5 a mandrel positioned within the second tubular member and coupled to 

6 an end portion of the third tubular member. 

1 39. An apparatus, comprising: 

2 a tubular member; 

3 a piston adapted to expand the diameter of the tubular member 

4 positioned within the tubular member, the piston including a 

5 passage for conveying fluids out of the tubular member. 

1 40. A wellbore casing, comprising: 

2 a fiirst tubiilar member; and 

3 a second tubular member coupled to the first tubular member by the 

4 process of: 

5 positioning the second tubular member in an overlapping 

6 relationship to the first tubidar member 

7 placing a mandrel within the second tubidar member; 
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8 pressurizing an interior r^on vdthin the second tubular member; 

9 and 

10 displacing the mandrel vdth respect to the second tubular 

11 member. 

1 41. An apparatus, comprising: 

2 a preexisting structure; and 

3 a tubular member coupled to the preexisting structure by the process of: 

4 positioning the tubular member in an overlapping relationship to 

5 the preexisting structure; 

6 placing a mandrel within the tubtdar member; 

7 pressxuizing an interior region vdthin the tubtdar meznber; and 

8 displacing the mandrel with respect to the tubular member. 

1 42. An apparatus, comprising: 

2 a preexisting structure having a defective portion; and 

3 a tubular member coupled to the defective portion of the preexisting 

4 structure by the process of: 

5 positioning the tubtdar member in an overlapping relationship to 

6 the defect in the preexisting structure; 

7 placing a mandrel within the tubular member; 

8 pressurizing an interior region within the tubtdar member; and 

9 displacing the mandrel with respect to the tubular member. 

1 43. An apparatus, comprising: 

2 a first tubular member; 

3 a second tubular member, and 

4 a threaded connection for coupling tJie first tubular member to the 

5 second tubular member, the threaded connection including: 

6 one or more sealing members for sealing the interface between the 

7 first and second tubular members. 
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1 44. The apparatus of daim 43, wherein the threaded connectioii comprises a 

2 pin and box threaded connection. 

1 45. The apparatus of daim 43, wherein the sealing members are positioned 

2 adjacent to an end portion of the threaded connection. 

1 46. The apparatus of claim 43, wherein one of the sealing members is 

2 positioned adjacent to an end portion of the threaded connection; and wherein 

3 another one of the sealing members is not positioned adjacent to an end portion 

4 of the threaded connection. 



1 47. The apparatus of daim 43, wherein a plurality of the sealing members 

2 are positioned adjacent to an end portion of the threaded connection. 

1 48. An apparatus, comprising: 

2 a tubular assembly including: 

3 a first tubular member; 

4 a second tubular member; and 

5 a threaded connection for coupling the first tubxilar member to the 

6 second tubular member, the threaded connection induding: 

7 one or more sealing members for sealing the interface 

8 between the first and second tubular members; 

9 wherein the tubular assembly is formed by the process of radially 
10 expanding the tubidar assembly. 

1 49. The ^paratus of claim 48, wherein the threaded connection comprises a 



2 pin and box threaded connection. 

1 50. The apparatus of claim 48, wherein the sealing members are positioned 

2 adjacent to an end portion of the threaded connection. 



-294- 



25791^3.02 



1 51. The apparatus of daim 48, wherein one of the sealing members is 

2 positioned adjacent to an end portion of the threaded connection; and wherein 

3 another one of the sealing members is not positioned adjacent to an end portion 

4 of the threaded connection. 

1 52. The apparatus of daim 48, wherein a plurality of the sealing members 

2 are positioned adjacent to an end portion of the threaded connection. 



1 53. An apparatus, comprising: 

2 a tubular member; and 

3 a mandrel positioned within the tubular member induding a conical 

4 surface have an angle of attack ranging from about 10 to 30 

5 degrees. 

1 54. The apparatus of daim 53, wherein the tubtilar member includes: 

2 a first tubular member; 

3 a second tubular member; and 

4 a threaded connection for coupling the first tubular member to the 

5 second tubular member, the threaded connection induding: 

6 one or more sealing members for sealing the interface between the 

7 first and second tubtdar members. 

1 55. The apparatus of claim 53, wherein tiie threaded connection comprises a 

2 pin and box threaded connection. 

1 56. The apparatus of daim 53, wherein the sealing members are positioned 

2 adjacent to an end portion of the threaded connection. 

1 57. The apparatus of claim 53, wherein one of the sealing members is 



2 positioned adjacent to an end portion of the threaded connection; and wherein 

3 another one of the sealing members is not positioned adjacent to an end portion 

4 of the threaded connection. 
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1 58. The apparatus of claim 53, wherein a plurality of the sealing members 

2 are positioned adjacent to an end portion of the threaded comiection. 
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